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INSTITUTION  OF  CIVIL  ENGINEERS. 


January  14,  1851. 

WILLIAM  CUBITT,  President,  in  the  Chair. 

No.  843. — “  On  the  Construction  of  the  Building  for  the  Ex¬ 
hibition  of  the  Works  of  Industry  of  all  Nations  in  1851.” 

By  Matthew  Digby  Wyatt,  Assoc.  Inst.  C.  E.* 

The  first  attempt  to  concentrate,  within  the  compass  of  a  few 
acres,  material  for  forming  a  comprehensive  idea  of  the  industry  of 
all  nations,  has  been  declared  to  be  a  great  experiment,  worthy 
of  being  tried,  upon  a  scale  commensurate  with  the  industrial 
resources  of  this  country.  It  will  be  admitted,  that  the  immediate 
success  of  any  such  experiment  must  be  directly  proportioned  to  the 
perfection  of  the  apparatus  employed,  and  that,  in  attaining  per¬ 
fection  in  the  construction  of  any  great  apparatus,  three  essential 
conditions  are  demanded  :  1st.  A  just  apprehension  of  the  results 
to  be  produced ;  2ndly.  A  well-digested  scheme  for  producing  the 
results  aimed  at ;  and  3rdly.  Power  and  dexterity  to  arrange  the 
whole,  so  as  to  insure  the  perfect  accordance  and  working  of  all 
its  parts,  in  the  simplest  and  best  manner. 

The  building  must  be  regarded  as  the  principal  physical  apparatus, 
}  means  of  which  this  great  experiment  is  to  be  tried,  and  in 
order  to  form  some  idea  of  its  structural  fitness,  it  is  necessary  to 

anderfulfillcd'V,h  ^  h 1086  C°nneCted  with  the  work  1'ave  understood 
and  fulfilled  their  duty,  in  relation  to  these  three  essential  con- 

T  f  Sl,ccess-  It  may  be  well,  therefore,  to  consider,  1st  The 
esults  to  be  produced,  or,  in  other  words,  the  requisites  of  the 
building ;  2ndly.  The  scheme  for  producing  the  results  aim«l  at 
or,  in  other  words,  the  design  of  the  building  •  3rdlv  TIip  ’ 
and  dexterity  with  which  the  scheme  has  be^n  rkS  ol  *7* 
words,  the  construction  of  the  building  ’  ’  0t  ler 

Beginning,  therefore,  with 

The  Requisites  of  the  Building 

of  *e Exhibition  °f 
_  y  ssent,al  particulars,  from  those  of  all  ante- 
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ledent  exhibitions,  a  recurrence  to  precedent  was,  to  a  great  extent, 
[precluded.  Yet  the  study  of  previous  arrangements,  although  not 
laffording  models  for  imitation,  has  proved  serviceable,  in  enabling 
la,  knowledge  to  be  obtained,  of  the  difficulties  which  seemed  most 
1  likely  to  increase  in  proportion  to  the  expansion  of  scale. 

From  the  French  Exhibition  of  1849  many  hints  were  obtained, 
and  a  reference  to  the  published  plan  of  the  building  for  that  exhi- 
bUion  will  suffice  to  demonstrate  their  nature. 

The  length  of  some  of  the  stalls,  which  occasioned  a  difficulty  in 
S  °  b om  one  point  to  another,  and  the  shortness  of 

s,  w  ic  i  confused  the  spectator,  by  tempting  him  to  diverge 
f  S  e'K  \  course,  demonstrated  the  necessity  for  some  arrange¬ 
ment  by  which  it  should  be  possible  to  examine  the  whole  exhibition, 
y  o  owing  a  simple,  and  therefore  easily  remembered,  system 
roughout ;  and  at  the  same  time,  to  find  and  reach  with  facility 
any  particular  object. 

l  ^U^e  enc^ose(^  by  long  galleries  was  objectionable,  as  it 

;r:ir,aprnt  "astness  °f  the  ^  ^om  no  one 

be  perceived  ^  lmenS10ns  of  more  tlian  one  quarter  of  its  extent 

presslv  the  King  °f  Bavaria  at  Munich,  ex¬ 

noble  strnpt  CIl°^1Ca  exblbltions  of  national  works  of  industry,  is  a 
.rf  otombt  '  h",  '““ad™ic  P'“,  li'  iJins  «  into  regol.r U 

ni.liei  the  apparentratairT,  '°  *rcl’ileClural  P>»Pottion,  dimi- 
ment  hv  *  1  •  5  a  JC  lncreases  the  difficulty  of  arrange- 

ob fcL  Z, T'"8,  °f  *l»“  ■»  oortL  group  of 

sarily  reauires  °UI1  °  ^  1Cb’  varyin&  with  every  exhibition,  neces- 

Of  objects  '.vithin0nIheeiimHsaof°thetime’  ^  ‘°  b,i,l°  the 
spread  in  o’ mi  t  *1  .  * ie  aPartment  allotted  to  them,  or 

insufficient  to  fill  The’  mT"  att®mpt  t0  C0Ver  sPace  they  nia>'  be 
“  Industrie  Gebaude  ”  still  f  T  Claracter  ar,(l  great  cost  of  the 
being  adopted  as  a  precedent."'  “  preduded  the  Possibility  of  its 
The  noble  hall  of  the  KVnil\,  n  * 

Prussian  exhibition  was  held  °  &t  Berlin> in  wllich  the  last 
purpose,  and  bore  testimony  to  tu™  C.ertainly  Wel1  adapted  for  its 
element  of  success  found  ^  ^  Va  ue  of  simplicity  of  plan,  an 

of  z  a  jr?  s  rs  n pian!  °f  “d 

i  vi<ied  for  the  previous  exhihiH  T  afommodation  had  been  pro- 
I  ^ - bitions  of  the  industry  of  the  Zollverein. 

I  Industry,  prepared  by^the  difepT111  f rench  Expositi°n  of  the  Products  of 
I  Council  of  the  Society  of  Art.**  .  and  6ubmi«ed  to  the  President  and 

11849.  '  S-  %  M-  Digby  Wyatt.  Folio,  plates.  Loud. 
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The  arrangements  of  the  various  displays  of  works  of  industry, 
which  had  taken  place  in  the  apartments  of  the  Royal  Irish  Society, 
at  Dublin  ;  in  the  rooms  of  the  Society  of  Arts,  and  in  Covent 
Garden  Theatre,  in  London ;  at  Edinburgh,  Birmingham,  Man¬ 
chester,  and  in  other  places,  were  valuable,  chiefly  as  having 
practised  exhibitors  and  others  in  the  tasteful  combination  of  objects 
of  beauty  and  utility. 

A  feeling  that  the  complete  novelty  in  the  conditions  of  a  cos¬ 
mopolitan  exhibition  demanded  an  original  method  of  treatment, 
perfectly  different  from  any  previous  attempts,  materially  in¬ 
fluenced  the  production  of  that  invitation  to  the  world  at  large,  to 
contribute  suggestions  for  the  building,  which  was  issued  on  the 
13th  March,  1850,  by  the  Members  of  the  Building  Committee, 
whose  zeal  and  liberality  in  giving  the  benefit  of  their  talents  and 
technical  knowledge  to  the  public,  on  that  occasion,  cannot  but  reflect 
equal  credit  on  themselves  and  on  the  professions  to  which  they 
belong. 

Hie  response  to  the  invitation  of  the  Building  Committee  was 
remarkable,  as  producing  contributions  from  upwards  of  two  hun¬ 
dred  and  forty  competitors  for  honour  only.  The  value  and  beauty 
of  many  of  the  schemes  thus  elicited,  and  the  wildness  of  others, 
must  have  been  apparent  to  the  public,  and  to  the  members  of  the 
Institution  of  Civil  Engineers,  in  whose  theatre  they  were  exhibited 
by  the  permission  of  the  Council. 


rhe  task  of  analysing  the  systems  proposed  was  a  laborious  one, 
and  involved  the  devotion  of  much  time  and  thought,  to  thoroughly 
examme  into  the  different  principles  upon  which  the  plans  appeared 
to  be  based  ;  the  effort,  however,  was  by  no  means  profitless,  since 
i  contributed  to  a  recognition  of  the  value  of  the  various  requisites, 
the  satisfactory  supply  of  which,  in  a  building  constructed  to  effect 

antmlrit  T^T’  “0t  but  co,)stitute  one  of  the  most  import- 
ant  merits  of  such  a  structure.  ^ 


Principles  of  the  Proposed  Plans. 

tH^ifre  0f  fian8eme“t,  by  Which  it  was  necessary  that 
either  of  th  rU”  lonSitudinally>  speared  defective,  on  account 

rr  =rf 

monumental,  too  much  SZZwZ?' 

of  filing,  exactly  phoned  ,o  .SZi 
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division,  and  rendering  proper  supervision  almost  impossible.  Plans 
dividing  the  building  into  four  distinct  exhibitions  were  objection¬ 
able,  as  the  effect  of  the  whole  would  have  been  marred,  a 
quadiuple  staff  of  superintendents  would  have  been  necessary,  and 
one  part  would  have  been  crowded  whilst  another  was  empty,  in 
consequence  of  the  impossibility  of  accurately  predetermining 
the  proportion  of  space  to  be  allotted  to  each  section;  whilst  the 
(  ^proportionate  areas  of  the  spaces  demanded  for  raw  products, 
mac  iinery,  manufactures,  and  fine  arts  could  only  have  produced  an 
irregular  building.  Plans  showing  the  whole  site  covered  over 
vi  1  Para  o  sheds,  with  spaces  between,  would  have  involved  great 
engths  of  unnecessary  inclosure,  were  likely  to  be  monotonous,  and 
ere  cevoi  o  any  charm  of  variety,  or  grandeur.  While  from 
?  .e!!°nS’  V16  *esson  was  learnt,  of  what  to  avoid,  from  others 
had  K  ?  °Jmatlon  was  gained,  since  many  indispensable  requisites 

plans  tnf  TTk  ^  m°re’ 0r  *ess  ingeniously  provided  for,  in  the 
plans  submitted. by  the  competitors. 

Description  op  the  Site. 

extent  were  ^rst  Did  down  were,  to  a  great 

be  well  to  e  .  ^  ie  orm  and  character  of  the  ground,  it  may 
lllTLin,  T“!’k  »'*  piece.of  ground,  .rig,’ 

,t°f  7  H"  E»»*'  Mni  Albert,  on  S,o 

tion  held  ..  u  l  Pr!Va"  on  the  subject  of  the  Exbibi- 

possess  Tt I! ?  'h  c‘  fevv  other  P^ces  might  be  found  to 

proaddn.  that  of mS  T  26  aCres>  and  is  of  a  ^m  ™arly  ap- 

four  nearly,  being  2  300  fe!^”1’^  Wh'Ch  th®  sideS  are  as  0,16  t0 
the  central  axes^  f  ’  *•  *  °n^  500  ^eet  broad  (measured  on 

and  west,  with  an  ZoZ^WfallTf ' ***  T*  Td 

trees,  which  it  was  indispensableZ1'1’  ***  tW°  ClUmpS  °f  Smalle'‘ 

boundary  on  the  east  and  west  of  PreSerVe’  s,tand  near  the  northerU 
the  site,  and  the  hrm  i  °*  t  le  central  group.  Such  being 

having  been  determined  thenZ^  "atUre  °f  the  Exhibition 
ment  of  the  plan  srradinil,,  1  °  0vving  requtsites  for  the  arrange- 

to  have  been  provided  fo/'  '  °Ped  themselves»  and  will  be  found 
tor  in  the  present  building. 

First  that  a  m  REQUI3ITES  fin™  Assumed. 
inat  a  main  avennp  i 

length  from  east  to  west  0  c  W1^tb  should  extend  the  whole 
■  ’  as  near  the  centre  of  the  structure  as  the 
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trees  would  permit ;  that  this  avenue  should  be  higher  than  any 
other  parts  of  the  building,  with  the  exception  of  a  transverse 
avenue  ranging  with  it  in  height,  leading  from  the  southern  entrance, 
and  crossing  the  entire  structure  at  right  angles,  as  near  the  centre 
as  possible. 

Secondly,  that  limiting  the  number  of  entrances  to  one  at  the 
eastern,  one  at  the  western,  and  one  at  the  southern  end  of  the  main 
avenues,  would  be  convenient  to  the  public,  and  simplify  the  super¬ 
vision  of  the  money-taking,  &c.,  but  that  it  would  be  desirable  to 
provide  numerous  exits.  That  of  these  three  entrances  the  southern 
would  be  the  most  important,  and  the  one  about  which  it  would  be 
best  to  group  the  executive  offices. 

Thirdly,  that  other  longitudinal  avenues  should  extend  from  north 
to  south,  and  that  transverse  gangways  between  the  stalls,  numbered 
to  correspond  with  the  Catalogue,  should  connect  them  with  the 
main  longitudinal  avenue,  so  that  any  visitor,  by  passing  down  one 
side  of  a  gangway,  and  up  another,  or  down  the  centre  of  one  gang- 
I  way,  and  up  the  centre  of  another,  and  taking  the  gangways  regu¬ 
larly  one  after  another,  might  be  likely  not  to  omit  any  portion  of 
the  Exhibition,  and  not  to  see  any  part  of  it  twice  over  ;  or  so  that 
any  visitor,  desirous  of  proceeding  directly  to  a  particular  object, 
might  be  able  to  pass  along  the  main,  or  central  avenue,  until  he 
arrived  at  the  gangway  (marked  to  correspond  with  the  indications 
of  the  Catalogue),  which  would  be  sure  to  lead  him  to  the  object  he 
was  in  search  of;  and  so  that,  in  either  case,  the  disposition  of  the 
building  might  rather  direct  than  coerce  the  motions  of  the  visitors 
and  might  insure  the  general  movement  of  the  public  in  regular 
currents. 


Fourthly,  that  round  and  about  the  three  clumps  of  trees  would 
be  the  most  convenient  spots  for  the  refreshment  rooms. 

Fifthly,  that  a  fixed  dimension  of  24  feet  should  be  adopted  ; 
which  should  serve  as  the  basis  of  all  rectangular  lines  parallel  to 
the  main  avenues,  on  plan ;  and  that  the  whole  of  the  supports  for 
the  roofing  should  be  placed  either  at  their  intersection,  or  at  the 
intersection  of  multiples  of  them  ;  that  the  mistakes  and  consequent 
e  ay  attending  the  adoption  of  irregular  dimensions  \v6uld  be  thus 
avoided that  the  lines  of  the  Building  would  be  rendered  agree- 
a  le  that  uniform  areas  of  roofing  could  be  conveniently  arranged 
for  drainage  through  the  hollow  columns;  and  that,  to  use  the 
ommon  phrase,  “the  work  would  run  off  all  the  better  for  it  ” 

that^TttiiDg  aU  internal  enclosures>  divisions,  except- 
int  thp  °T  7  6  Stalls’  WOuld  have  the  ^od  effects  of  alio w- 
°  G  eye  o  range  at  llbertY>  and  to  appreciate  the  extent,  and 
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the  vistas  of  the  building — would  afford  facilities  for  any  mode  of 
arrangement  best  calculated  for  displaying  the  goods,  and  for  the 
adoption  of  any  system  of  classification — leaving  the  hands  of  the 
Executive  unfettered  ; — would  facilitate  the  police  and  general  super¬ 
vision — and  last,  not  least,  would  save  a  large  sum  of  money. 

Many  other  requisites  for  the  kind  of  structure  likely  to  be  most 
desirable,  such,  for  instance  as  that  it  must  be  thoroughly  lighted, 
ventilated,  drained,  built  simply,  economically,  and  with  a  view  to 
ultimate  value,  are  of  so  self-evident  a  character,  that,  to  dwell  upon 
them  in  detail,  would  uselessly  delay  the  consideration  of  the  second 
part  of  the  subject  u  an  examination  of  the  precise  mode  in  which 
the  requisites  are  supplied  in, 


The  Design  of  the  Present  Building. 

After  much  deliberation,  what  were  considered  the  best  means  of 
supplying  these  requisites  were  embodied  in  a  series  of  drawings, 
and  tenders  were  invited  by  advertisement  on  the  12th  June,  1850. 
The  public  were,  at  the  same  time,  given  to  understand,  that  propo¬ 
sals  for  “  methods  of  construction  other  than  those  shown  upon  the 
drawings  would  be  entertained,”  if  made  in  a  buna  fide  form.  The 
re  lance  thus  manifested  in  the  probability  of  the  urgency  of  the 
emand  calling  forth  valuable  suggestions  from  practical  men,  was 
y  no  means  misplaced, -since  it  had  the  effect  of  stimulating  Mr. 
ax  on  to  consider  the  subject  with  his  usual  ability  and  energy, 
giving  it  the  benefit  of  his  great  experience  in  the  construction  of 
ui  m0s  o  a  somewhat  analogous  character.  All  that  gentleman’s 
en  eavours  to  supply  new  remedies  for  old  defects  in  structures  of 

LvTl’  °°mbat  Prices  of  conventional  construction,  and  to 
deveiop  the  capabilities  of  the  combination  of  -lass,  wood,  and  iron, 

S°  ab]y  described  by  himself,  in  other 

the  .  in  rUW  be  needIess  here  to  do  more  than  to  refer  to 

tnem  in  general  terms. 

ments  tried^ T  bowever>  be  looked  upon  as  so  many  experi- 

sToT  hTxtS;  of0frthePUrP°- of  enabling  England,  on  is  occa- 

nical  appliances,  andT'Ine"^*0"3  S°me  n°Vel  a"d  a(Jmirable  mecha‘ 
the  energy  of  her  individual^?™6"  °f  th®  resources  she  possesses,  in 
and  the  gy  to  ^ 

Paxton,  thamtil"^0^116,  R°yal  Comniissioners— and  for  Mr. 
ested  in  carrying  out  th’o  derson>  &  Co-  should  have  been  inter- 
perience  which  "they  broui"  Tot'^'  Fr°m  the  Practical eX' 

grew  into  realities —diffirn if  1  bear  upon  the  subJect>  designs 

’  (llftcultles  '*ere  foreseen  and  remedied, -and  a 
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high  order  of  mechanical  contrivance  was  displayed,  in  adaptations 
of  machinery  to  economise  labour  and  to  perfect  production. 

The  Area  covered. 

The  building,  as  now  erected,  provides  an  area,  upon  the  ground 
door,  equal  to  772,784  square  feet,  and  upon  the  level  of  the  gal¬ 
leries,  23  feet  from  the  floor,  an  area  equal  to  217,100  square  feet, 
making  a  total  area  of  available  space  of  989,884  square  feet. 

The  General  Features  of  the  Design. 

The  combination  upon  so  vast  a  scale,  of  the  materials,  glass, 
wood,  and  iron,  of  which  alone  the  building  is  constructed,  and  the 
care,  which  has  been  taken,  not  to  exaggerate  the  proportions  of  form 
in  which  those  materials  may  be  best  and  most  economically  used, 
will  probably  tend  to  counteract  conventionality  of  style  in  archi¬ 
tecture,  and  may  be  expected  to  produce,  hereafter,  important 
changes,  alike  in  the  construction  and  appearance,  of  many  exten¬ 
sive  buildings  throughout  the  country. 

The  general  distribution  of  the  design  recalls  the  system  of  a 
cathedral  structure — a  vast  nave  72  feet  wide,  rises  to  a  height  of 
64  feet  above  the  soil.  This  is  crossed  by  a  transept  408  feet  long, 
equally  wide  and  lofty ;  but  with  the  difference,  that  it  is  crowned 
by  a  waggon  vault,  increasing  its  height  to  104  feet  at  the  centre. 

On  each  side  of  the  nave  and  transept,  a  series  of  aisles,  24  feet 
wide,  by  44  feet  and  24  feet  high,  spread  out  to  a  total  width  of 
456  feet. 

Some  idea  may  be  formed  of  the  leading  peculiarities  of  the 
building,  by  recalling  the  fact,  that  its  main  avenue,  between  the 
columns,  is  nearly  double  the  width  of  the  nave  of  St.  Paul’s 
Cathedral,  while  its  length  is  more  than  four  times  as  great.  The 
walls  of  St.  Paul’s  are  14  feet  thick,  those  of  the  Hyde  Park*  Build¬ 
ing  are  8  inches.  St.  Paul’s  required  thirty-five  years  to  erect,  the 
budding  will  be  finished  in  about  half  that  number  of  weeks. 


The  Drainage. 

It  may  be  conceived,  that  the  arrangements  for  carrying  off 
rapidly,  the  ent.re  roof-water  of  171  acres,  involved  considerable* 
prepaiation.  Six  rows  of  cast-iron  pipes,  each  6  inches  diameter 

Z  Zl 77  WUh  ]10ll0W  C01™’  -PPO^S  ‘he  roof,  follow 
hree  1  f  6  ^  fr°m  "'eSt  to  «“*»  an(1  convey  the  water  to 
^  raU1S  rUnn,ng  n°rth  and  S0Uth‘  The  latter>  communicating 
v  h  sewers  running  east  and  west,  outside  the  building,  convey  the 
vater  to  the  lowest  points,  at  the  east  end  of  the  site,  from  winch  it 
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is  discharged  into  the  main  sewer  in  the  Kensington  Road,  by  an 
egg-shaped  culvert  of  4  feet  8  inches  sectional  area.  A  datum  line 
having  been  assumed,  the  level  of  the  flooring  of  the  whole  area  was 
arranged  to  incline  1  inch  in  24  feet,  approximating  to  the  fall  of 
the  ground. 


The  Flooring. 

The  floor  was  arranged  to  consist  of  boards  H  inch  thick,  laid 
half-an-inch  apart,  upon  joists  7  inches  by  2i  inches,  bearing  upon 
sleepers  13  inches  by  3i  inches,  at  intervals  of  8  feet  apart. 

Ihe  interstices  were  left  between  the  boards  to  permit  the  passage 
of  dust  and  dirt.  This  method  of  flooring  has  been  found  to  answer 
well  at  Chatsworth  and  in  other  localities. 


The  Foundation  and  Base-plates  (Figs.  1  &  2). 
fig.  i. 


FIG.  2. 


r  lan  of  base-plate. 

.tan  whtT  b,"",  <li*",U  10  f“"<l  *  tatter  fonn, 

“  "h,Ch  0¥er  U,e  .hole  area  of  tt.e  bdlding, 
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the  exception  of  a  few  “  faults”  here  and  there.  Good  gravel 
is  reached  at  a  depth  of  about  3  feet  below  the  surface  of  the 
ground,  and  excavations  have  been  made,  in  all  cases,  sufficiently 
deep  to  lay  bare  the  gravel.  The  extent  of  the  horizontal  area  of 
the  excavation  has  been  determined  by  a  rule,  that,  making  allow¬ 
ance  for  possible  contingencies,  the  gravel  cannot  be  exposed  to  a 
greater  load  that  2i  tons  per  superficial  foot.  The  cavities  thus 
formed,  have  been,  in  all  cases,  filled  up  with  solid  concrete,  finished 
with  fine  mortar.  On  the  surface  of  this  mortar  are  bedded  “  base¬ 
plates,”  or  foundation  pieces,  consisting  of  a  horizontal  bed-plate,  at 
right  angles  to  the  vertical  lines  of  the  building,  strengthened  by 
shoulders,  uniting  the  horizontal  plates  to  the  portion  of  the  base¬ 
plate,  the  section  of  which  corresponds  with  that  of  the  columns. 
The  exact  height,  from  the  top  of  the  concrete  foundation  to  the 
plane  of  the  junction  between  the  base-plate  and  the  column,  has 
been  so  precisely  calculated,  and  the  casting  of  the  base-plate  has 
been,  in  all  cases,  so  perfectly  performed,  that  the  snugs,  cast  on  the 
upper  portion  of  the  base-plates,  have  exactly  met  and  corresponded 
with  those  on  the  lower  portion  of  the  superincumbent  columns, 
without  leaving  any  interstice,  or  requiring  any  packing. 

From  the  vertical  portion  of  the  foundation  pieces,  which  carry 
columns,  through  which  the  roof-water  passes,  sockets  branch  out, 
into  which  are  fixed  the  ends  of  the  cast-iron  pipes,  for  conveying 
the  water  descending  from  the  roofs  to  the  transverse  drains. 

The  Columns  and  Connecting  Pieces  (Figs.  3,  4,  &  5). 

FIG.  3. 


Elevation  of  lower  portion  of  connecting  piece,  showing  its  attachment  to  a  column  below  and  to 
the  girders  at  the  sides.  * 


FIG.  4. 
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FIG.  5. 


Elevation  of  upper  portion  of  connecting  piece,  &c. 

The  form  of  the  supporting  columns  bearing  upon  the  upper 
face  of  the  base-plates  was  suggested  by  Mr.  Barry.  The  hori¬ 
zontal  section  is  a  ring,  of  which  the  external  diameter  is  uniformly 
8  inches,  and  the  substance  of  metal  is  proportioned  to  the  various 
areas  of  roofing,  &c.,  to  be  supported  at  each  point  on  the  plan. 
T  he  minimum  thickness  of  the  columns  thus  varies  from  ^  inch  to 
1  a-  inch ,  but  the  sectional  area  is  increased  by  the  addition  of  what 
would  be  equivalent  to  four  fillets  3|  inches  by  inch,  cast  upon 
the  opposite  portions  of  the  ring,  and  facing,  when  fixed  in  situ , 
north,  south,  east,  and  west.  Four  snugs  are  cast  on  the  top  and 
tour  on  the  bottom  of  the  columns,  between  these  fillets.  Corre¬ 
al1  mg  snugs  are  cast  on  to  connecting  pieces ;  the  snugs  alter- 
ating  upon  the  same  plane,  with  the  projections  on  the  connecting 
piece  which  serve  to  carry  the  girders.  Bolt-holes  are  cast  in  the 
go  t  e  columns,  and  in  those  of  the  connecting  pieces.  All  the 
SUrfaCes  are  accurately  faced  in  a  lathe,  and  are  then  fitted 
snncr  Gf ’  44°  aS  i°  ena^e  ^our  bolts  to  pass  through  the  holes  in  the 
snnml  t  6  C°  umils  an(l  connecting  pieces,  which  exactly  corre- 
Bv  thp°  °Ue  an°ther*  *Nuts  tl,en  secure  the  bolts  in  their  places. 
attapE  e  1  arrangcments,  connecting  pieces  may  be  placed  on,  and 
attachpH  i  C°  UU,nS;  and  co^umns  may,  in  turn,  be  placed  on  and 
secured^ 1.tv°flconnecting  pieces;  the  rigidity  of  the  whole  being 
projection^  gl.rders’  at  angles  to  one  another,  on  to  the 

jections  wilFh  T  1  •!  Connectin^  pieces.  The  detail  of  these  pro- 

thev  serve  m  .  ,def"bed  in  connection  with  the  roof- trusses,  which 
they  serve  mainly  to  keep  in  their  places. 

hundred Sten!1"11^^  °f  columns  fi*ed  in  one  week  was  three 

iFaoiliti  ^  ^EIGHTS  0F  PORTIONS  OP  THE  BUILDING. 

(portions  of  the  l“.1°Jtoi,led  for  varying  the  dimensions  in  height  of 
[stiffness.  The  main10”’  the  Same  time  for  Preservino  lateral 

r 2  feet  in  width  o  h™**  °f  the  Cross  on  Plan>  that  is>  the  avenueS 
,  ?  r  ie  nave  and  transept,  together  with  their  aisles 
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24  feet  wide,  rise  three  stories  in  height ;  an  avenue  48  feet  wide, 
and  an  aisle  24  feet  wide,  on  each  side  of  the  three-story  building, 
rise  two  stories  in  height,  and  the  whole  of  the  remainder  of  the 
covered  area  is  one  story  only  in  height.  *  The  gutter  level  of  the 
three-story  portion  is  62  feet  2  inches  from  the  floor ;  that  of  the 
two-story,  42  feet  2  inches ;  and  that  of  the  one-story,  22  feet 
2  inches. 

As  a  description  of  the  varieties  of  structure,  induced  by  these 
several  altitudes,  necessarily  involves  an  outline  of  the  whole  skeleton 
of  the  building,  it  will  be  well  to  consider  each  separately.  The 
horizontal  planes,  or  strata  of  the  building,  from  the  ground-floor 
upwards  to  the  roof,  in  the  three-story  work,  will  be  found  to  consist, 
first,  of  base-plates,  the  upper  bearing  surface  of  which  rises  3f 
inches  above  the  ground-floor;  secondly,  of  columns  18  feet 
5£  inches  long,  fixed  on  the  base-plates ;  thirdly,  of  connecting 
pieces,  3  feet  4£  inches  deep,  to  which  are  attached  cast-iron  girders, 
24  feet  long,  serving  to  support  a  gallery  floor,  at  the  height  of  23 
feet  from  the  ground  floor ;  fourthly,  of  columns  16  feet  7i  inches 
long ;  fifthly,  of  connecting  pieces  3  feet  4f  inches  deep,  to  which 


are  attached  transversely  in  one  direction,  and  longitudinally  in  two 
directions,  cast-iron  girders  24  feet  long,  of  similar  form  and  scant¬ 
ling  to  the  roof  girders,  in  order  to  retain  all  the  columns  in  their 
places;  sixthly,  of  columns  16  feet  7*  inches  long;  and  lastly,  of 
connecting  pieces  3  feet  4£  inches  deep,  to  which  are  attached  the 
roof  trusses  and  girders. 

The  corresponding  horizontal  strata  of  the  two-story  portion  of 
the  building  consist,  first,  of  base-plates,  the  upper  bearing  surface  of 
which  rises  3}  inches  above  the  ground  floor;  secondly,  of  columns 
18  feet  5*  inches  long,  fixed  on  the  base-plates  ;  thirdly  of  con¬ 
necting  pieces,  3  feet  4f  inches  deep,  to  which  are  attached  cast- 
iron  g'rders  24  feet  long,  serving  to  support  a  gallery  floor,  at 
e  height  of  23  feet  from  the  ground-floor;  fourthly,  of  columns 

A3  ■  661  \  lnc  ies  Ono  5  and  fifthly,  of  connecting  pieces  3  feet 

4f  inches  deep,  to  which  are  attached  the  roof  trusses  and  girders 

ba  cnl  t'0nrital  Str  of  the  one-story  portion  consist,  first,  of 
W-plates  the  upper  bearing  surface  of  which  rises  3  ?  inches  above 

fixed  onUnth  h°r;  T°,,dly’  °f  C°1UmnS  18  feet  5i  h'ches  long, 
4a  •  i  ,1U  a  ,"l  a,es  ’  an<f  lastly,  of  connecting  pieces  3  feet 
T  inches  deep,  to  which  are  attached  the  roof  trusses  and  girders. 
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The  Galleries  (Figs.  6,  7,  8,  &  9). 

FIG.  6. 


i  FIG.  7. 


Details  of  elevation  of  truss  of  gallery  floor. 


aboveThf^Se  ^men®ons  it  will  be  apparent,  that  at  2 
featurp*  f  T,  GVe1’  galleries  are  inserted,  which  form  si 
°f  bf°th  th*  two  and  the  three  story  buildings, 
eallerip/  ^  '\°  W*dtbs  24  feet  each,  with  frequent  conn 

round  the  upp-  p°rti-^f  the  bu 

to  those  JT*  by  Cast'lron  gibers  23  feet  long,  similar  i 
'  suPP01t  the  roof,  but  of  somewhat  heavier  sea 


THE  GREAT  EXHIBITION  BUILDING. 


15 


These  single  castings,  3  feet  deep,  are  divided  into  three  parallel¬ 
ograms  of  3  feet  by  8  feet,  by  vertical  struts,  connected  at  the  top 
and  the  bottom  by  diagonal  ties  and  struts.  The  sectional  areas  of 
their  top  and  bottom  flanges,  in  the  centre  of  the  length  of  the 
girder,  equal  respectively  5 '31  inches,  and  7*64  inches  ;  those  of 
the  diagonal  struts  and  ties  average  3  •  50  inches.  All  these  girders 
are  proved,  in  the  building,  to  a  strain  of  15  tons,  and  in  exceptional 
cases,  with  extra  scantlings,  to  22  tons.  Their  breaking  weight  is 
calculated,  and  has  been  proved  by  experiment,  to  be  not  less  than 
30  tons.  The  binders,  which  serve  to  support  the  floor  of  these 
galleries,  have  been  so  arranged  by  under-trussing,  by  means  of  cast- 
iron  shoes,  rods,  and  struts,  as  to  take  their  bearing  upon  four,  instead 
of  upon  two  girders ;  and  thus  any  possible  accumulated  load,  or 
vibration  on  a  portion  of  the  gallery,  will  be  transferred  to  double 
the  number  of  points  of  support  that  would  have  been  available, 
had  it  been  constructed  in  the  ordinary  manner.  Joists  of  7  feet 
9  inches  clear  bearing,  bridge  these  binders ;  and  on  them  is  laid  a 
floor  of  boards  1£  inch  thick,  with  iron  tongues,  to  prevent  the 
passage  of  dust,  &c.  Ten  double  staircases,  each  8  feet  wide, 
enclosed  by  an  iron  railing,  designed  by  Mr.  Owen  Jones,  afford 
access  to  these  galleries.* 


*  Several  experiments  were  subsequently  tried,  to  ascertain  the  action  of 
these  galleries  under  the  strain  of  a  moving  load.  A  complete  bay,  24  feet 
square,  was  constructed,  and  raised  slightly  from  the  ground.  Its  area  was 
covered  with  labourers  packed  as  closely  together  as  possible.  No  action  of 
walking,  running,  or  jumping  of  three  hundred  men  did  any  injury  to  it. 
Soldiers,  of  the  corps  of  Royal  Sappers  and  Miners,  were  then  substituted  for 
the  contractors’  men,  and  although  the  perfect  regularity  of  their  step,  in  mark¬ 
ing  time  sharply,  appeared  a  remarkably  severe  test,  no  damage  resulted  from 

tnpir  PttaI  litiAnc 


Subsequently  a  very  ingenious  apparatus  was  devised  by  Mr.  Field  the  late 

stlhii  rM1116  “r  °f  CiYil  EngineerS’  for  the  PurP°se  of  testing  the 
tabili  y  ofthegallenes  in  situ,  and  on  beiug  applied  over  the  greater  part  of 

S;  r?  STle  b0U>  °r  girdCT  gaVe  ^  under  ^  action.  The  appa- 
ratus  consisted  of  eight  square  frames  divided  into  a  number  of  compartments 

each  just  capable  of  containing  a  68-pound  shot,  and  allowing  it  to  rotate  The 
surfaces  of  the  balls,  placed  in  each  of  these  compartments,  cLe  n  con^tw  h 
the  gallery  floor,  the  frames  themselves  being  attached  to  one  anotW 
running  upon  the  floor  by  means  of  cast0„  fi*ed  “ 

SZfTlhilTern^otF3  ““f’  ™  se  t"  rofltng'ov  er'  rnore 


The  Facework  (Figs.  10,  11,  12,  &  13). 


FIG.  10. 


FIG.  12. 
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Next  to  the  internal  supports  of  the  building  the  external  enclo¬ 
sures  present  themselves  for  consideration.  It  is  obvious  from  the 
widths  and  heights  given,  that  the  north  and  south  elevations,  with 
the  exception  of  the  transept  front,  must  consist  of  three  stories,  set 
back  at  various  distances  from  each  other. 

These  three  stories  are,  the  first,  or  ground  floor ;  the  second, 
or  gallery  floor ;  and  the  third,  or  clerestory  floor. 

On  the  ground  floor,  the  cast-iron  columns  which  carry  the  trans¬ 
verse  roof-girders  of  the  one-story  building,  constitute  vertical 
divisions,  at  24  feet  from  centre  to  centre  ;  two  wooden  columns  of 
precisely  similar  form,  placed  between  the  cast-iron  ones,  divide  the 
24  feet  space  into  three  bays  of  8  feet  each.  The  first  horizontal 
line  above  the  ground  is  a  cill  9  inches  by  3  inches,  and  inch 
above  the  floor  level ;  beneath  this  cill,  an  enclosure  of  boards  forms 
a  plinth,  against  which  rests  a  slope  of  turf,  at  an  average  level  of 
2  feet  above  that  of  the  adjacent  ground  line.  A  second  cill, 
9  inches  by  4  inches,  is  placed  at  a  clear  height  of  4  feet  3$  inches 
from  the  lower  one,  the  space  between  forming  a  kind  of  dado,  and 
being  filled  in  with  louvres,  which  will  be  described  under  the  head 
.  of  ventilation.  At  10  feet  6  inches  from  the  upper  surface  of  the 
second  cill  is  the  springing  line  of  a  light  cast-iron  arch,  which 

spans  from  column  to  column,  and  assists  in  supporting  the  “  fillimr- 
in  frames.”  p  b 


These  frames,  sufficiently  deep  to  supply  the  idea  of  an  entabla¬ 
ture  and  yet  so  light  and  open  as  not  to  appear  to  overload  the 
slender  proportions  of  the  columns,  are  3  feet  high,  and  are  backed 
with  louvres  similar  to  those  in  the  plinth.  The  parallelogram 
bounded  by  the  sides  of  the  columns,  the  ton  of  the  I  ,  ‘‘S™"1’ 

underside  of  the  “  filling-in  frame  ”  is  fil.  ,  ’  a"d  the 

««*<*  On  r X 

frame  runs  a  boxing,  with  external  mn»u-  *  ®  hllmg-m 

boxing  is  a  small  gutter  The  wi  1  •  ,ngS’  a"d  bel,i"d  tl,t: 

■■on  ornamental  cresting,  1  f00t  G  inches  hSTt^  ft  a  ''aSt' 
boxing.  “cues  nigh,  attached  to  the 

On  the  gallery-floor  the  upper  parts  of  the  i 

the  two-story  roof,  constitute  the  main  vert  ,  JT"*  M'Pp0rHnS 


Vertical  section  of  the  face  work  of  the  lower  tier. 
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glazed  sash  is  substituted.  The  frame  of  the  sash  is 
fixed  to  the  columns  by  castings,  similar  to  those 
which  secure  the  ledges. 

The  Sashes. 

As  these  sashes  form  an  important  portion  of  the 
building,  no  fewer  than  1,500  of  them  being  required, 
a  short  description  of  them  may  be  given.  The  sash- 
frames  are  2^  inches  thick,  with  seven  bars  in  their 
width;  the  sash-bars  are  2fths  inches  deep,  double- 
grooved  for  the  glass ;  three  bolts,  fths  inch  diameter, 
pass  completely  through  the  bars  and  frames,  at  the 
points  where  they  are  attached  to  the  columns,  and 
thus  a  chain  tie  is  kept  up  all  round  the  building,  in 
order  to  prevent  the  displacement  of  the  sashes,  either 
bodily,  or  in  portions,  by  the  pressure  of  the  wind. 
To  further  guard  against  the  same  action,  timber 
bridges,  3i  inches  by  1 J  inch,  in  the  centre,  are  fixed 
across  the  middle  of  the  length  of  the  sash  ;  and  at  the 
internal  angles,  where  the  wind  will  exert  its  greatest 
force,  iron  rods,  -J-inch  diameter,  are  fastened  from 
column  to  column,  pressing  against  the  wooden  bridge, 
and  converting  it  into  a  continuous  strut,  bearing  up 
against  any  force  applied  to  the  exterior  of  the  sash. 
In  order  to  glaze  the  sashes,  the  glass  is  slipped  down 
between  the  bars,  and  provision  is  made  for  the  repairs 
by  causing  one  groove  to  be  cut  deeper  than  the  other, 
so  that  the  glass  may  be  slipped  in  from  either  side, 
and  puttied  into  its  exact  place.  Similar  provision  is 
made  for  mending  the  roof-glass. 

On  the  third,  or  clerestory  floor,  the  external  main 
vertical  divisions  are  formed  by  the  upper  portion  of 
the  three- story  columns,  and  the  filling-in  between 
them  corresponds  exactly  with  that  of  the  gallery- 
floor. 

The  east  and  west  elevations  are  simply  vertical 
sections  through  the  main  building,  filled  in  with 
facework  similar  to,  and  ranging  with  that  of  the  three 
stories  of  the  north  and  south  elevations. 

The  elevations  of  the  transept  ends  correspond  wit 
those  of  the  east  and  west,  with  the  exception  of  the 
addition  of  a  semicircular  head  filled  with  concentric 
and  radiating  tracery. 
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The  Exits. 

In  tlie  circuit  of  the  whole  building  there  are  fifteen 
exits,  symmetrically  disposed  ;  wherever  they  occur, 
a  pair  of  doors,  8  feet  in  width,  occupy  the  centre  of 
the  space,  and  the  two  bays  of  8  feet  each,  on  either 
side  of  the  doors,  are  glazed  instead  of  being  boarded. 

The  Roof-Girders  and  Trusses 
(Figs.  14,  15,  16,  17,  18,  19,  &  20). 

The  net- work  of  girders  and  trusses  F,G-  ,4- 
immediately  supporting  the  roof  next  & 
demands  attention.  The  main  gutters,  |< 
upon  which  the  u  Paxton  gutters”  are  V' 

Gvorl  * _ 1  _  .  *5® 


3 


fixed,  run  transversely,  spanning  the 
various  avenues  leading  from  end  to  end  |  I  i  ! 
of  the  building,  except  where  it  is  crossed  '<—-3- — * 

by  the  transept.  Xat,. 

These  avenues  are  all  either  24  feet,  48  feet,  or 
72  feet  wide ;  of  these  avenues  there  are  six  24  feet 
wide,  five  48  feet  wide,  and  one  (the  central)  72  feet  ' 
wide.  To  span  these  widths  at  least  three  kinds  oft 
trusses  are  necessary.  All  the  trusses,  with  the  ex¬ 
ception  of  four,  are  3  feet  deep,  and  have  perpen¬ 
dicular  struts  of  cast-iron,  fixed  at  distances  of  8  feet 

17  CTKre  1°  1centre’ connecti»g  the  top  and  bottom 
bais.  1  he  whole  parallelogram,  formed  by  the  leno-th 

and  width  of  the  trusses,  is  thus  divided  into  smaller 
parallelograms  of  8  feet  by  3  feet,  the  four  angles  of 
which  are  diagonally  connected  by  various  materials 
but  of  uniform  width  on  the  face,  and  thus  regularity 
of  form  is  obtained.  The  trusses  of  72  feet  amfdS  felt 
pan  consist  of  cast-iron  standards  and  vertical  struts 

~tare“rirb«‘,,T‘rr“c1' u-  ^ 

ally  between  the  two  pieceT'of  In7e’-  diag0n' 

portion  and  the  two  bars  in  the  1  *"  the  uPPer 

to  them,  and  form  a  comnl  lower>  are  nvetted 

remaining  diagonals  in  the  SUS?ension  truss-  The 
would,  if  in  itio  he  ,°l>P°Slte  direction>  which 
’  aCt‘°n’  be  under  compression,  are  con- 


c  2 


Elevation  of  ordinary  72  feet  truaa. 
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Elevation  of  ordinary  48  feet  truss. 


FIG.  17. 


FIG.  18. 
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Elevation  of  24  feet  cast-iron  girder. 


FIG.  20. 


M 


Front  and  side  clenj;- 


of  enTstendwdt fo^Meet  elevations  of  ends  of  girder.  ^Jdiatfsfi^  jj 

and  48  feet  trusses.  feet  and  48  feet  truss* 


structed  of  wood,  and  are  only  inserted  for  appearance,  it  being 
t  ought  better  to  resist  the  diagonal  strains  by  tension  bars  alone, 
ratier  than  partly  by  diagonal  suspension  bars,  and  partly  by 
diagonal  struts. 

The  girders  of  24  feet  long  are  single  castings,  corresponding 
orm  to  those  which  support  the  galleries,  the  arrangement  and 
scant  inGs  of  the  various  parts  of  which  have  been  elaborately 
?  U eC  an^  ^anced.  Every  one  of  these  trusses  has  been  proved, 
in  e  building,  with  a  strain  of  nine  tons.  The  largest  number  of 
gir  ers  cast  in  any  one  week  was  three  hundred  and  sixteen. 


The  Experiments  tried  on  the  Roof-trusses  and 
Girders. 

*TS?  ,to  deciding  upon  the  scantling  of  the  trusses  to  be 
entered  intn^^’  Mr‘  Charles  Heard  Wild  and  the  Contractors 

and  proportions  of  btheate  S6I'ieS  °f  calculations>  as  t0  the  adjustmeJ 

mitted  to  tt,0  i>  •  ■!  vanous  parts.  These  calculations  were  su 
their  correctnef^^6111  °f  the  Institutio"  of  Civil  Engineers,  and 
experiments  t^3  S°  comPletely  justified,  by  the  results  of  some 
that  of  the  Autl  6  It*88®8  and  Sirders,  made  in  his  presence  and  m 
ior?  at  a  summary  must  be  interesting. 
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A  72-feet  truss,  cambered  4^  inches,  and  weighing  complete 
about  35  cwt., 

The  maximum  sectional  area  of  the  two  top 


5*71  inches. 


angle-irons  being 


The  maximum  sectional  area  of  the  two  bottom 
bars  being  .  .  .  .  .  .  .6*75 

The  maximum  sectional  area  of  the  principal 
diagonal  tie  being . 3*38 

when  loaded  with  a  weight  of — 


4  tons,  deflected  1£  inches. 


u  j  > 

54-  >  > 
64  ,, 


A  48-feet  truss,  cambered  4  inches,  and  weighing  complete  about 
13  cwt., 

The  maximum  sectional  area  of  the  two  top 

angle-irons  being . .  inches> 

I  he  maximum  sectional  area  of  the  bottom  bars 

3-38  ,, 

ihe  maximum  sectional  area  of  the  principal 
diagonal  tie  being . 2*75 

when  loaded  with  a  weight  of — 


2  tons  10 
5  0 

7  10 

8  15 

10  0 


10  cwt.  deflected  i  inch. 


*  --v  —  uuuuis  existed 


ii  cwt.  3  qrs.,  exactly 
E-girders,  but  2  cwt.  1  qr. 
with  30i  tons,  flying  so 
as  to  the  point  at  which 


fracture  commenced. 


22 


THE  GREAT  EXHIBITION  BUILDING. 


The  Extra-strong  Trusses  (Figs.  21 , 22, 23, 24, 25, 26, 27,  &  28). 

The  four  72-feet  trusses  which  have  been  alluded  to,  as  differing 
from  the  others  in  depth,  perform  such  important 
functions,  and  are  consequently  so  different  in 
form,  as  to  warrant  a  separate  notice.  They  sup¬ 
port  the  lead  flat,  covering  two  bays  (each  24  feet 
by  72  feet)  of  the  main  avenue,  where  it  abuts 
upon  the  eastern  and  western  sides  of  the  transept, 
and  a  pair  of  them  carry,  in  addition,  the  two 
semi-circular  ribs,  which,  at  24  feet  from  centre 
to  centre,  form  the  main  beams  on  which  the 
semi -cylindrical  roofing  rests,  over  the  square 
where  the  transept  roof  crosses  the  main  longi¬ 
tudinal  avenue. 

These  trusses  are  made  twice  the  depth  of  all 
the  others,  and  the  scantlings  are  considerably 
increased.  In  this  extra  depth  the  vertical  struts 
remaining  at  8  feet  from  centre  to  centre,  and  the 
I  tension  bars  continuing  the  same  in  number,  and 
|  being  set  at  the  same  angle  as  those  in  the  ordinary 
n  trusses  of  72  feet  span,  the  lines  arrange  them- 
selves  into  a  lattice-form  two  diamonds  in  depth, 
jjj  the  intersecting  diagonal  bars  passing  through 
I  slots  cast  for  them  in  the  middle  of  the  cast-iron 
o  struts.  Although  the  form  would  appear  to  be 
|  that  of  a  compound  truss,  the  strength  of  all  the 
jj  parts  is  calculated  so  as  to  render  these  trusses 
suspension  trusses  only.  In  order  to  relieve  the 
ordinary  columns  of  much  of  the  weight  which  is 
supported  by  these  trusses,  additional  columns  are 
placed  beneath  their  two  ends,  secured,  at  frequent 
intervals,  to  the  ordinary  columns  by  wrought-iron 
clips. 


~~p  ,9 — > 


Ihe  Semicircular  Ribs  (Figs.  29,  30,  &  30- 

In  order  to  form  an  idea  of  the  nature  of  the 
work  the  extra-strong  trusses  have  to  perform* 
the  structure  of  the  semi-circular  ribs  must  be 
defined.  They  are  made  in  three  thicknesses 
timber,  each  9  feet  6  inches  long,  cut  into  seg 
ments  of  a  circle  74  feet  extreme  diameter,  the 
central  thickness  being  4  inches  by  134  inches* 


of 
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FIG.  24. 


Side,  front,  and  back  elevations  of  the  end  standard  to  extra  strong  72  feet  truss. 


FIG.  25. 


Elevations  of  wrouglit-iron  vertical 


stmts,  ormtermediate  standards  to  extra  stro„8  « 


feet 
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and  the  outer  flitches,  breaking  joint  with  the  centre,  being  2  inches 
by  13£  inches.  The  flitches  are  nailed  to  the  centre  thickness,  and 
bolts  4  of  an  inch  in  diameter,  and  about  4  feet  apart,  traverse  and 
bind  together  the  three  thicknesses ;  on  the  extrados  of  the  wooden 
;  j  arch  thus  formed,  two  planks,  serving  as  the  gutter-board,  each 

1 1  inches  by  1  inch,  and  a  bar  of  iron  2  inches  by  -|ths  of  an  inch, 
are  bent  to  the  curve;  and  on  the  intrados  a  piece  of  timber, 
I  7  inches  by  2  inches,  moulded  to  correspond  with  the  form  of  the 

1  columns,  and  a  bar  of  iron  inches  by  -fths  of  an  inch,  are  also 

1  bent  to  the  curve ;  bolts  passed  through  the  depth  of  the  rib,  at 
intervals  of  2  feet  from  centre  to  centre,  unite  these  additions  to 
eacli  other  and  to  the  main  rib,  which,  thus  increased  in  scantling, 
measures  when  complete  8  inches  by  1  foot  6  inches.  The  ends 
cii  e  stepped  down  upon  a  plate  9  inches  by  6  inches,  bearing  on  the 
I  top  of  the  two  trusses,  on  each  side  of  the  transept. 
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FIG.  31. 


Detail  of  the  foot  of  arched  rib  on  column,  and  the  adjoining  parts. 

The  Transept  (Roofing  Fig.  32). 

In  order  to  steady  the  ribs,  purlins  inches  by  9  inches  to 
13  inches,  and  9  feet  2  inches  apart,  are  introduced  between  them  ; 
and  on  the  top,  from  end  to  end,  a  narrow  path  of  lead  flat  runs 
the  whole  length  of  the  transept,  for  the  purpose  of  affording  con¬ 
venient  access  for  any  repairs  which  may  be  necessary.  Diagonal 
rods,  intersecting  each  other  in  planes  parallel  to  a  tangent  to  the 
curve,  also  connect  the  ribs,  and  serve  to  bind  every  portion  together  ; 

ile,  at  the  same  time,  their  lines  form  reticulations  over  the 
surface  of  the  vault,  producing  an  agreeable  effect  in  perspective 


FIG.  32. 
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The  Connexions  of  the  Roof  Trusses,  &c. 

Having  indicated  the  general  construction  of  the  roof  trusses,  there 
remain  to  be  noticed  the  arrangements  for  fixing  and  for  steadying 
them  longitudinally.  In  the  72  feet  and  48  feet  trusses,  respect¬ 
ively,  the  standards  forming  their  ends  are  cast  with  a  projec¬ 
tion  on  their  top  and  bottom  faces,  and  with  a  bolt-hole  through  the 
upper  portion  of  their  length ;  a  hollow  "  connecting  piece,”  cor¬ 
responding  in  the  form  of  its  section  to  that  of  the  columns,  and 

i  1?Ci e,  on^er  ^an  height  of  the  truss,  pierced  through  with 
a  o  t  io  e  to  agree  with  that  of  the  truss  standard,  has  cast  upon 
its  upper  and  lower  ends  a  projection  corresponding  with  those  cast 
on  the  top  and  bottom  faces  of  the  truss  standards.  The  truss  being 
oisted  above  its  ultimate  position,  is  lowered  down  until  it  can  be 
8  lpPed  between  the  projections  on  the  connecting  piece,  when  the 
l  rejections  on  the  bottom  faces  of  its  two  standards  take  a  bearing, 
c  utc  i  on  to  those  cast  on  the  lower  ends  of  the  connecting 
l  l  SCrey  1  inch  in  diameter,  passed  through  the  bolt- 

g  °  StaD  aIX*’  an^  comPletely  through  the  connecting  piece, 
withtlS  truss  lateral  motion,  and  together 

to  bnolr^  S  1  °  ^ie  ^  Paxt°n-gutters,”  counteracts  any  tendency 

of  94  fpGf  e  means  provided  for  fixing  the  cast-  iron  roof  girders 

those  T’  mJVhf  COnnectin^  Pieces,  are  precisely  similar  to 
moTemtnT  '  l:  ^  m°de  °f  ^  from  lateral 

TJZl  :f  “  °f  tL  fastening  of 

middle  spans?  a  groove  is  sunk  in  the 

and  a  corn.  ^  T  ^  bottom  Projections  of  the  connecting  piece, 
the  4ZeSPOn  mS  nr  18  CaSt  °n  the  bottom  the  standard  of 
I  lacfbv  theZer-  ^  b°tt0m.0f  tbe  1-  thus  held  in  its 

I  necting  pieCe,  whde°  the  te'1W1  ^  l0VVer  gTO0Ve  of  the  C°"' 
[  groove  cut  in  t  upper  projection  of  the  truss,  having  a 

I  of  a  wrouo-ht-iron  l >  coanecting  piece,  is  secured  by  the  insertion 

I  surfaces  from  sliding* W  l?  aCts  as  a  dowell>  and  prevents  the 
f  SllUlng  ^terally  upon  one  another. 

In  or:riONS  F°R.StIFFENING  the  building. 
longitudinally,  girders'^df6  *t*fFness  and  steadiness  of  the  building 
necting  pieces,  in  the  direct  *  are  inserted  between  the  con- 
to  them  in  a  similar  n  °U  **  °m  east  to  west>  and  arc  attached 
are  eighteen  rows  on  I?anner  to  the  other  girders.  Of  these  there 

The  influence  of  the  “Pa^f10"8  leVel®  of  the  buildi"g- 

axton -gutters,”  and  of  the  facework  giving 


1 


THE  GREAT  EXHIBITION  B'UILDING. 


27 


additional  stiffening  to  the  whole,  adds  considerably  to  the  good 
results  obtained  by  the  insertion  of  these  longitudinal  girders. 

In  thus  providing  for  the  rigidity  of  the  connexions  of  the  vari¬ 
ous  portions  of  the  building,  care  has  been  taken,  by  the  substi¬ 
tution,  in  certain  places,  of  oak  for  iron  keys,  to  provide  for  the  play 
of  the  metal,  incident  to  any  sudden  variation  of  temperature. 

In  the  transverse  direction,  it  was  determined,  that  the  whole  of 
the  keys  should  be  of  iron,  for  two  reasons,  first,  because  the  length, 
divided  into  two  portions  by  the  nave,  was  not  sufficiently  great  to 
render  the  probable  amount  of  expansion,  or  contraction,  of  any 
practical  importance,  and  secondly,  because  it  was  upon  the  side  of 
the  building  that  the  currents  of  wind  would  impinge  with  the 
greatest  force. 

In  the  longitudinal  direction,  iron  keys  are  inserted  for  six  bays 
from  the  extreme  east  and  west  ends,  and  for  six  bays  east  and  west 
of  the  transept,  the  intervening  girders  being  keyed  up  with  oak 
keys :  arid  thus  rigidity  was  maintained  in  those  parts  exposed  to 
strain,  whilst  elasticity  was  provided  in  the  portions  of  the  building 
least  subject  to  strain  from  without. 

Twenty-two  sets  of  horizontal,  and  two  hundred  and  twenty  sets 
of  vertical  diagonal  bracing,  consisting  of  wrought-iron  rods  secured 
by  wrought-iron  links  to  the  columns  and  connecting  pieces,  and 
meeting  in  adjustment  plates,  are  inserted  as  a  measure  of  extra 
precaution,  tying  the  main  masses  of  the  structure  together. 


Tub  “  Paxton  ”  Roofing  (Figs.  33,  34,  35,  36,  37,  38,  &  39). 

•  FIG.  33. 
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FIG.  36. 


FIG.  34.  FIG.  35. 


Sections  of  extra  strong  and  ordinary  sash-bars. 


Section  of  the  ridge. 


FIG.  37. 


FIG.  38. 


FIG.  39. 


Section  of  u  Paxton-gutter  ”  at  the  end. 

Portion  of  the  *s  perhaps  the  most  novel  and  interesting 

the  ingenuitv  of  aV  ^ructure>  am'  exhibits  in  a  remarkable  manner 
water  to  the  holl  ^axton’s  design.  In  order  to  convey  the  rain 
the  entire  gU‘terS  24  feet  apart 

capacious  wooden  boxes  Ulld,ng--  These  transverse  gutters  are 
flange  of  the  mi-  ’  stronldy  framed  and  attached  to  the  upper 

being,  in  some  case*  SSeS’  which  cross  the  building,  false  bottoms 

tervals  of  8  feet  fro* lnserted  to  assist  the  flow  of  the  water.  At  in- 

the  box-gutters,  are  fixeTth  t0  Centre’  with  their  ends  rest‘ng  °D 
“  I’ax ton-gutters”  fo  .  e  lngenious  contrivances  known  as 

falling  on  the  rnr»f  C011v^^nS  away  simultaneously  the  rain-water 
9  anc  t  le  condensed  vapour  formed  inside  the 
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building,  and  of  them  a  length  of  24  miles  is  required.  Each  one  of 
these  consists  of  a  piece  of  the  best  crown  timber,  5  inches  by 
6  inches  and  24  feet  long.  The  form  is  given  by  passing  it  through 
an  ingenious  machine,  worked  by  Mr.  Birch  of  the  Phoenix  Saw 
Mills,  Camden  Town.  At  one  operation,  this  machine  scoops  from 
the  middle  of  the  upper  surface  of  the  timber,  and  throughout  its 
whole  length,  a  nearly  semicircular  groove  about  1-|  inch  radius, 
and  at  the  same  time  cuts  two  smaller  grooves  downwards  at  an 
oblique  angle  to  its  sides;  the  object  of  the  larger  groove  being 
to  receive  and  convey  to  the  box -gutters  the  roof-water,  and  that  of 
the  smaller  grooves  to  receive  the  moisture,  which,  condensing  upon 
the  inside  of  the  roof,  would  trickle  down,  adhering  by  capillary 
attraction,  and  finally  deposit  itself  in  the  smaller  grooves,  by  which 
it  would  be  conducted  to  the  box-gutters.  On  leaving  the  machine, 
the  “  Paxton-gutter  ”  is  too  slight  for  a  bearing  of  24  feet,  and 
is  straight,  so  that  the  water  in  it  would  not  have  any  fall ;  both 
these  defects  are  remedied  by  trussing  it  into  a  curve,  by  means 
of  a  wrought-iron  bolt,  inch  diameter,  threaded  at  both  ends, 
and  bent  so  as  to  pass  under  and  press  up,  to  the  underside  of  the 
wood,  two  cast-iron  struts  9  inches  long  ;  the  ends  of  the  bolt  being 
passed  through  holes  in  the  two  cast-iron  shoes,  fixed  at  the  ends 
of  the  gutters,  and  the  nuts  on  the  ends  of  the  bolts  being  screwed 
up,  the  bolt  is  tightened,  and  a  camber  of  2£  inches  is  given  to 
the  gutter,  so  that  the  whole  becomes  a  truss,  requiring  a  weight  of 
H  tons  to  break  it.  A  semicircular  cut  is  then  given  through 
the  depth  of  the  gutter  at  both  ends,  so  that  when  two  are  placed 
end  to  end,  the  water  will  flow  down  into  the  box-gutter  through 
a  circular  cavity  ;  two  oblique  cuts  being  also  made,  to  connect  the 
condensed  water  with  this  cavity,  and  twenty-seven  notches  are 
marked  from  a  template,  and  worked  on  each  side  of  the  upper 
edge  of  the  “  Pax  ton-gutters,”  whose  ends  are  then  attached  to  a 
flanged  plate  bolted  on  to  the  edges  of  the  box-gutters.  Of  the 
notches  on  each  side  of  the  “  Paxton-gutter,”  three  are  larger  than 
he  others;  and  on  them  bars  of  wood  2  inches  by  H  inches 
grooved  for  glass  on  both  sides,  are  notched  down  ;  these  bars  form 

arInfi'P a  t  erS’,  a  being  set  at  a  pitch  of  two  and  a-half  to  one 

L  “IT ilZZlCZZml  lgZ'“r!,"f“I;l”<l  “  “f 

«%e  Of  the  glaa,,  Wdi„6  „  pultJ  ^ 
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applied  at  the  lower  end  brings  the  upper  edge  of  the  glass  iiome 
into  the  groove  in  the  ridge.  The  glass  being  then  pressed  down, 
the  putty  is  made  good  in  the  grooves  externally,  and  thus  simply 
is  this  system  of  roofing  put  together.  Its  lightness  is  one  of  its 
remarkable  qualities,  since  the  entire  weight  of  one  superficial  foot 
averages  only  3J  lbs. 

The  largest  quantity  of  “  Pax  ton-gutters,”  each  24  feet  in  length, 
planed  and  grooved  by  one  machine  in  one  week,  was  four  hundred 
and  forty -two. 


Iiie  4 1  axton  ”  Roofing  over  the  Transept. 

J  he  area  of  29,3/6  feet,  forming  the  transept,  is  covered  with 
roofing,  similar  in  many  particulars  to  that  adopted  by  Mr.  Paxton 
m  the  great  conservatory  at  Chatsworth.  The  width  which  is 
panned  by  the  semicircular  ribs,  at  intervals  of  24  feet  from  centre 
to  centre,  is  1 2  feet.  Purlins  9  feet  2  inches  apart,  connect  the  semi¬ 
circular  ribs,  and  between  them,  at  distances  of  8  feet  from  centre  to 
<  <  n tie,  are  framed  smaller  ribs,  the  backs  of  which,  as  well  as  those 
I  |  main  ribs,  form  water-courses,  and  convey  the  rain  on  to  the 
eat  at  running  24  feet  in  width,  on  each  side,  at  the  base  of  the 
semicircular  ribs  of  the  roof.  These  latter,  which  stand  at  8  feet 
|  art,  are  then  connected  by  ridge  and  furrow  roofing,  the  construc- 
lch  is  nearly  identical  with  that  previously  described  as 
employed  in  the  smaller  roofs.  Beneath  the  lead  flat  is  constructed 
1Z0n|a  *lllss  consisting  of  bars,  calculated  to  transfer  the  strain 
P°mts  m°st  securely  tied  and  abutted,  and  thus  to  counteract 

wind  ^  °f  the  ribS  t0  Spread’  01  t0  shift  under  the  action  °f 

important^0”  Yil*  ^  dfsi^n  Por  tlle  building,  there  are  still  three 
adopted  ofY  ^  °-  6  con^dere(* :  — the  ventilation, — the  mode  to  be 

of  water  ^  intensity  the  sun’s  rays,— and  the  supply 

water  immediately  available  for  the  extinction  of  fire. 

t  PlIE  Ventilation  (Fio-s  40  &  41) 

the ‘Si 5  fmeanS  0f  lo™  set  Tn  boxings,  inserted  behind 

and  in  the°dado,  hZlen  St°rieS  °f  ^ 

floor.  At  the  springe  of  th  '7™  UppeP  dlls  °n  the 

serted  on  both  sides  *3  fl? »  ?*n8?pt  r°°f’  a  line  ^louvres  is  in- 

of  the  transept  •  and  at  ti  '  lnches  hlSh>  running  the  whole  length 

tion  is  obtained  in  the  cr  ®.veiy  summit  of  the  curved  roof,  ventila- 

by  the  narrow  PaA  of  §  e?f  the  roofi"S>  where  *  is  interruPted 

path  of  upper  lead  flat.  The  total  quantity  of  venti- 
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lating  area  in  the  louvres  equals  about  45,000  feet,  in  addition  to 
which,  large  volumes  of  air  will  necessarily  be  introduced  at  the 
numerous  doorways.  The  louvre  frames  on  the  ground  floor  consist 
of  boxes,  in  which  eight  louvre  blades  of  galvanized  iron  64  inches 
wide,  are  fixed  on  pivots  at  6  inches  from  centre  to  centre,  and  so 
curved  as  to  offer  the  minimum  interruption  to  the  ingress,  or  egress 
of  air  when  open,  compatible  with  keeping  them  weather  tight. 

FIG.  40.  FIG.  41. 
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Part  elevation  and  section  of  one  of  the  louvre  frames. 

Small  iron  brackets,  attached  to  the  centre  of  each  blade,  are  fur¬ 
nished  with  eyes,  through  which  are  inserted  pins,  passing  also 
through  holes  bored  at  equal  distances  from  one  another,  in  a  species 
of  rack;  by  drawing  these  racks  up  and  down,  the  opening  and 
closing  of  the  ventilators  is  effected.  A  number  of  these  racks  will 
of  course,  be  attached  to  levers,  and  set  in  motion  by  rods  and  cranks  • 
Mr.  box  has  designed  an  ingenious  method  of  producing  the  simul¬ 
taneous  action  of  a  considerable  number,  and  at  the  same  time  of 
semiring  the  uniform  position  of  the  louvre  blades  at  any  desired 

Should  it  ever  be  found  necessary  to  reduce,  by  artificial  means 

Mr'?!  rperature;f  the  building  bel0W  that  of  exterior’ 
*  .  Paxton  has  proposed  a  system  of  cooling,  applicable  to  .1  ’ 

ventilators,  somewhat  on  the  principle  of  the  Iiidian  «Ma!L!>> 

The  Canvas  Covering. 
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The  Water  Supply. 

The  water  is  supplied  by  the  Chelsea  Water- works  Company, 

I  through  a  main  pipe  9  inches  in  diameter,  branching  into  three  pipes 
I  5  inches  in  diameter,  at  the  centre  of  the  building,  on  the  south  side, 

I  at  about  35  feet  from  the  entrance. 

These  latter  pipes  go  entirely  round  the  building,  and  across  the 
|  centre;  twenty  cocks  of  3  inches  diameter  are  attached  to  these 
pipes  externally ;  eight  pipes,  4  inches  diameter,  branch  from  the 
pipe  of  6  inches  diameter,  at  eight  points  on  each  side  of  the  build¬ 
ing,  and  run  inwards  to  a  distance  equal  to  one-fourth  the  width  of 
the  building.  On  the  ends  of  these  pipes  fire-cocks,  with  water¬ 
ways  3  inches  diameter,  are  fixed  in  such  situations,  that  circles 
drawn  from  them  as  centres,  with  a  radius  of  120  feet,  would 
intersect  one  another,  and  pass  considerably  without  the  limits  of 
the  building.  From  the  pipes,  6  inches  in  diameter,  crossing  the 
building,  it  is  proposed  to  draw  the  principal  supply  for  the  fountains, 
which  will  probably  be  distributed  along  the  central  nave  and  line 
of  the  transept.  An  ample  supply  of  water,  connected  with  efficient 
drainage,  will  be  provided  for  the  steam-boilers,  which  will  be  fixed 
in  a  detached  building,  at  the  north-west  angle,  and  for  the  refresh¬ 
ment-rooms,  &c.,  which  will  be  placed  in  immediate  proximity  to 
the  trees  beneath  the  transept. 

It  can  scarcely  be  expected,  that  the  limits  of  the  present  paper 
should  comprise  all  that  is  worthy  of  remark  in  a  building,  the  vast 
size  of  which  involves  considerable  complexity  of  parts ;  it  is  hoped, 
therefore,  that  indulgence  will  be  exercised,  if,  in  this  hasty  descrip¬ 
tion  of  the  design  of  the  building,  much  that  is  worthy  of  comment 
should  have  been  lightly  passed  over,  or  altogether  omitted. 

The  Execution  of  the  Works. 

In  proceeding  to  the  third  part  of  the  subject,  the  power  and 
dexterity  with  which  the  design  has  been  realized,  or,  in  other 
words,  the  actual  construction  of  the  building,  the  feature  that  first 
claims  attention  is  the  celerity  with  which  the  various  operations 
haw  proceeded.  When  it  is  remembered  that  Messrs.  Fox,  Hen¬ 
derson,  &  Co.’s  tender  was  only  verbally  accepted  on  the  26th  of 
y,  1850,  that  possession  of  the  site  was  only  oiven  on  the  30th  of 
t  h  same  month,  that  the  first  column  was  fixed  on  September  26th, 
exactly  two  months  after  the  acceptance  of  the  tender,  and  that  at 
k  pie^ent  moment  but  little  of  this  vast  building  remains  to  he 
ie  ’  mus^  h>e  felt,  that  England  possesses  mechanical  apph" 
j  ,  aiU  phfical  energies,  far  exceeding  those  which  gave  f°rm 
eing  to  the  most  celebrated  monuments  of  antiquity. 
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The  total  number  of  men  employed  in  each  week  varied  from 
thirty,  in  the  week  ending*  August  the  3rd,  to  two  thousand  two 
hundred  and  sixty  in  the  week  ending  December  the  6th. 

Modifications  of  the  Original  Design. 

Previous  to  the  acceptance  of  the  tender,  various  modifications  of 
the  design  were  made,  and  from  Mr.  Barry’s  refined  perception  of 
form  and  proportion,  valuable  structural  improvements  were  derived. 
These  modifications  involved  the  preparation  of  an  entirely  new*  set 
of  general  drawings,  while  the  rapid  flight  of  time  demanded  that 
the  details  shoulcfbe  at  once  got  out,  in  order  that  the  work  might 
he  commenced  without  delay.  The  energy  and  ability  displayed  by 
Messrs.  Fox,  Henderson,  and  Co.,  in  the  preparation  of  these  details, 
and  m  the  completion  of  the  necessary  arrangements  for  carrying  on 
the  work,  were  very  remarkable.  Mr.  Charles  Heard  Wild  went 
into  minute  calculations  with  Mr.  Fox,  and  under  the  supervision  of 
Mr.  Cub.  t,  President  of  the  Institution  of  Civil  Engineers,  fixed 
ie  scantlings  of  the  various  parts  of  the  building.  Mr.  Wild’s 
legations  were  based  upon  an  analysis  of  the  amount  of  weight 

If  y  T7  C°1Umn  tl,rouShout  ^  building,  and  the  area 

tai; "idiL7»5urf,xh  aT;.?1  i"s  libenJ 

wCSat  “r-  o£  j«£ 

labours,  a,„l  W  U,  “T ‘i  r 

the  supervision  of  Mr.  Cubitt  the  Chat  I-1  building.  Under 
have  been  constantly  employed  up  to  tlT"  °f  that  C°mmittee,  they 
'tones  went  carefully  over  everv  f  ^  ?reSent  tlme-  Mr.  Owen 
harmonious  combination,  and  LsTaloVl'6  bUiWing  sus<=eptible  of 
overy  detail  of  arrangement  likelv  Ti  l  ?CC'lp,ed  Mmself  with 
toste  and  knowledge.0  WhUe  £  <>f  £ 

complete,  various  details  were  so  foS,  .TT*8  Were  floite  iM. 

*‘==ssssfi£ 5SS 

The  Proving  of  thf 

To  Prove  the  girders  a  RS  (FiSs-  42,  43,  &  44s 

a"  hydraulic  prl ,  a  Very  lngeniouS  apparatL  X 

means  of  which  0.  d  re^steri  was  contri  f?’  co"necte<i  with 

-  y.Mr- wud*  >* 

W  an  averted  position.  K*”  *“  ^ich  they 
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wards  from  two  pistons,  at  the  points  in  the  upper  table  of  the 
girders  upon  which,  in  the  roof-girders,  the  “  Paxton-gutters  ”  will 
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bear,  and  in  the  gallery-girders,  the  binders,  and  thus  the  proof  is 
applied  in  a  similar  manner  to  that  in  which  the  girders  will  be 
eventually  loaded.  One  of  Mr.  Henderson’s  patent  cranes,  and  a 
weighing-machine,  have  been  so  conveniently  arranged,  in  connexion 
with  this  apparatus,  that  a  girder  has  been  lifted  from  the  waggon, 
deposited  for  weighing,  weighed,  lifted  up  again,  conveyed  to  the 
proving  machine,  slipped  into  its  place,  and  secured, — proved,  re¬ 
leased,  taken  up  again,  deposited  on  the  ground,  and  stacked,  in  less 
than  four  minutes. 

The  whole  of  the  light  iron- work,  with  the  exception  of  some  of 
the  gallery  railing,  has  been  cast  by  Messrs.  Fox,  Henderson,  and 
Co.,  at  their  works,  near  Birmingham,  and  the  principal  castings, 
consisting  of  the  columns,  girders,  &c.,  were  supplied  all  ready 
turned  and  fitted  from  the  works  of  Messrs.  Cochrane  and  Co.,  of 
Woodside,  and  Mr.  Jobson,  of  Holly-hall,  both  near  Dudley. 

The  wrought  iron  has  been  principally  supplied  by  Messrs.  Fo- 
thergill  &  Co. ;  the  glass  by  Messrs.  Chance,  Brotherton,  &  Co.,  of 
Oldbury ;  the  timber  by  Messrs.  Dowson  &  Co. ;  and  the  machine 
cutting  of  the  “  Paxton-gutters”  has  been  entirely  executed  at  Messrs. 
Fox,  Henderson,  &  Co.’s  mills  at  Chelsea. 


The  Setting  Out  and  Progress  of  the  Work. 

The  perfection  with  which  the  lines  of  the  building  were  set  out 

by  Mr.  Brownger  will  be  easily  tested  in  the  building,  by  remarking 

ie  precision  with  which  the  columns  range  and  cover  one  another 

diagonally  as  well  as  rectangularly.  To  this  correctness,  and  to  the 

careful  setting  of  the  base-plates  (of  which  one  thousand  and  seventy- 

four  were  required),  may  be  attributed,  in  a  great  measure  the 

by  the  columns  froiTXe  er 
points  they  are  viewed.  wn.tw.vei 

j of,,h,v"“'  “,riki,i=  «f  k  u,0  „tni 

'  lie  1 1  ias  been  arranged,  so  as  to  form  the  scaffolding  for  it. 
o»n  construction.  The  column,  wore  rai„|  by  a  f„l,  d«cond,,m 

Wop*,  the  derricks  bei^ovLTlm  s^TT. 
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perpendicular  position.  The  way  in  which  the  men  managed  to  re¬ 
tain  the  derricks  in  a  perpendicular  position,  by  alternately  tighten¬ 
ing,  slackening,  and  shifting  the  guys,  was  really  admirable. 
By  this  means  as  many  as  seven  of  the  great  trusses  of  the  nave 
have  been  raised  in  one  day ;  the  derricks  (for  one  was  at  work  at 
each  end  of  the  building)  thus  travelling  168  feet. 

The  active  superintendence  and  direction  of  the  whole  of  the 
labour  devolved  upon  Mr.  John  Cochrane,  Mr.  Earee  acted  as  clerk 
of  the  works  to  the  Commissioners,  and  Mr.  Harwood  as  their 
surveyor. 

During  many  weeks  upwards  of  two  thousand  men  were  constantly 
employed  upon  the  ground;  four  steam-engines  assisting  in  the 
various  operations,  and  affording  motive  power  to  a  variety  of  ma¬ 
chinery  for  facilitating  production.  Ingenious  arrangements  of 
circular  saws,  and  revolving  gouges,  &c.,  cut  and  bored  different 
portions  of  sash-bars,  ridges,  and  “  Paxton-gutters.”  Huge  shears, 
and  punching  and  drilling  machines  combined  to  prepare  the  truss- 
bars  for  being  rivetted,  and  portable  forges  supplied  the  means  of 
heating  the  rivets  for  the  three  hundred  and  seventy-two  wrought- 
iron  trusses,  of  which  as  many  as  sixteen  have  been  rivetted  up  in 
one  day. 


The  Glazing  Machines. 

FIG.  45. 


A.  Box  for  glass. 


B.  Tru«o/  i  8  Stage  for  *lazinS  the  roofs. 

gir  er.  C.  Frame  to  support  the  covering  i 
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It  was  of  great  importance  that  arrangements  should  be  made  for 
carrying  on  the  glazing  of  the  roofs  independently  of  weather.  I1  o 
effect  this  purpose  a  travelling  stage  was  devised  by  Mr.  Fox,  which 
superseded  the  necessity  of  any  scaffolding  for  glazing,  and  by 
means  of  seventy-six  of  these  machines  nearly  the  whole  of  the  work 
has  been  executed.  The  stage  is  about  8  feet  square,  and  it  rests 
on  four  small  wheels,  which  travel  in  the  “  Paxton-gutters.”  It 
thus  embraces  one  bay  of  a  span  of  8  feet  of  the  roof,  with  one 
ridge  and  two  sloping  sides ;  each  bay  in  width  requiring  a  separate 
stage.  The  stage,  occupied  by  two  workmen,  is  covered  by  an 
awning  of  canvass,  stretched  over  hoops  to  protect  them  in  bad 
weather,  and  is  provided  with  two  boxes,  to  contain  a  store  of  glass. 
The  sash-bars  and  other  materials  are  piled  upon  the  stage  itself, 
the  centre  of  the  platform  being  left  open,  for  the  convenience  of 
hoisting  up  materials. 

Whilst  working,  the  men  sit  at  one  end  of  the  platform  (the 
ridge  having  been  previously  placed  in  position  by  means  of  the 
extra-strong  sash-bars),  and  fix  the  glass  in  front  of  them,  pushing 
the  stage  backwards  as  they  complete  each  pane.  On  coming  to 
the  strong  sash-bars  previously  fixed,  they  temporarily  remove 
them,  to  allow  the  stage  to  pass :  in  this  manner  each  stage  travels 

uninterruptedly  from  the  transept  to  the  east  and  west  ends  of  the 
building. 

The  average  amount  of  glazing  hitherto  done  by  one  man  per 
day  has  been  fifty-mght  squares,  or  about  200  superficial  feet,  and 
e  largest  amount  done  by  any  one  man,  in  a  working  day  has 
been  one  hundred  and  eight  squares,  or  about  370  superficial  feet 
The  largest  amount  of  work  done  in  one  week  was  by  eighty  men' 

;h  e  ime,  arrd  to  309  days>  and  wh°  put  JuS 

three  hundred  and  mnety-two  squares,  containing  6f  ,584  superficW 

M^ForClItconsifteof^ a  also  designed  by 

running  against  the  semicircular  ridgf  'wch^of  th"' 

— trrjsr  “jst  > 

the  roof.  P  attached  t0  the  at  the  summit  of 

contrived  for  the  performance  ^ ofTnvr' ' "g  the  ridges>  has  been 

after  the  flat  roofing  is  completed.'  *  ***  may  be  necessary> 

The  Painting  Machine  (Fig.  46). 
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dipped  into  it,  and  when  taken  out,  are  passed  through  a  series  of 
brushes  set  at  such  angles  to  each  other  as  to  entirely  remove  the 
superfluous  paint,  and  to  leave  the  sash-bar  as  neatly  finished  as  it 
could  have  been  by  hand. 

FIG.  46. 


Machine  for  painting  the  sash-bars.  .  , 

A.  Trough  for  holding  paint.  B.  The  brushes.  C.  Spout  for  waste  pain  • 

Mode  of  Raising  the  Transept  Ribs  (Figs.  47,  48,  &  49). 
The  operation  about  which  most  anxiety  had  been  felt  was  the 
hoisting  of  the  arched  ribs  of  the  transept.  These  ribs  were  con¬ 
structed  horizontally  on  the  ground,  and  when  completed  with  a 
their  bolts,  two  of  them  were  reared  on  end,  and  maintained  in  a 
vertical  position,  at  a  distance  of  24  feet  from  each  other,  by  gliy 
ropes.  As  the  ribs  possessed  little  lateral  stiffness,  they  were  frame 
together  with  the  purlins,  intermediate  small  ribs,  and  diagonal  tie- 
rods,  forming  a  complete  bay  of  the  roof,  24  feet  long.  Two  com¬ 
plete  sets  of  temporary  ties  were  also  introduced,  to  provide  for  the 
strains  incident  to  the  variations  in  position  of  the  ribs,  during  the 
hoisting :  the  feet  of  the  ribs  were  bolted  on  to  a  stout  cill,  and  the 
lower  purlins  were  strutted  up  from  it.  The  whole  framework 
was  then  moved  on  rollers  to  the  centre  of  the  square  formed  by 
e  intersection  of  the  transept,  and  the  main  avenue,  whence  it  was 
Hoisted ;  all  the  ritjs  were  landed  over  this  square,  and  were  after- 
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Section  ^u|h  the  transept,  showing  the  arrangements  for  hoisting  the  semicircular  rib. 
Ihe  dotted  lines  indicate  the  various  positions  of  the  ribs  during  the  hoisting. 


FIG.  48. 


FIG.  49. 


. . 

wards  moved  on  a  tramway  to  their  ‘0geU,er>  prcviou8 
tramway,  formed  of  half  bailee  Pe™anent  positions. 

°»  rnh  .Id.  Of  ft.  «V.,  « 

lead  flat.  P  ’  a  lleigl>t  of  about  4  feet  abo 

The  h0“"S  “le  of  four  . 
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placed  on  the  side  of  the  transept,  opposite  to  the  part  of  the  ribs 
to  be  lifted  by  it,  so  that  the  men  at  the  crabs  might  watch  the 
effect  of  their  exertions  with  greater  convenience.  The  hoisting- 
shears  were  placed  on  the  lead  flat,  immediately  over  the  deep 
trusses  of  72  feet  span;  each  set  consisted  of  three  stout  scaffold- 
poles,  lashed  together  at  the  top,  bearing  on  planks  laid  across 
the  flat,  and  secured  by  the  necessary  guy -ropes.  The  hoisting 
rope  passed  from  each  of  the  crabs,  across  the  transept  to  a  leading 
block  attached  to  the  foot  of  the  column  in  the  opposite  angle 
of  the  square ;  it  then  passed  up  to  a  treble  block  attached  to  the 
shears,  and  from  thence  down  to  a  double  block,  secured  by  chains, 
to  the  bottom  part  of  the  ribs.  The  extreme  width  of  the  frame¬ 
work  to  be  hoisted  was  74  feet,  and  the  clear  width  apart  of  the 
trusses,  above  which  it  had  to  be  hoisted,  was  only  71  feet 
4  inches ;  it  was,  therefore,  necessary  to  raise  one  side  to  a  height 
of  35  feet,  before  lifting  the  other,  so  as  to  diminish  the  horizontal 
width.  The  diameter  of  the  semicircle  being  maintained  at  this 
angle,  the  whole  was  then  hoisted,  until  the  highest  end  could  clear 
the  tramway.  The  foot  of  the  ribs  was  then  passed  over  the  tram- 
way,  high  enough  to  allow  the  other  side  of  the  ribs  to  clear  the 
opposite  truss,  after  which  the  whole  was  hoisted  to  the  full  height, 
and  rested  on  rollers  of  hard  wood,  placed  between  the  cills  attached 
to  the  framework  and  the  tramway,  by  means  of  which  it  was  moved 
to  its  permanent  position.  There  it  was  again  raised  by  another  set 
of  shears,  while  the  cill  and  tramway  were  removed,  and  the  ribs 
M'ere  then  lowered  into  the  sockets  prepared  for  them,  which,  in 
fact,  formed  a  continuation  of  the  columns  above  the  level  of  the 
lead  flat. 

Each  successive  pair  of  ribs  was  fixed  at  a  distance  of  24  feet,  or 
one  bay  from  the  preceding  one,  and  the  purlins,  &c.,  were  placed  in 
this  space  by  means  of  jointed  ladders,  which  were  adjusted  to  the 
orm  of  the  roof,  and  thus  all  scaffolding  was  avoided. 

The  first  pair  of  ribs  was  hoisted  the  4th  of  December,  1850,  and 
the  eighth  pair  on  the  12th  of  the  same  month.  It  took  about  one 
iom  to  raise  each  pair,  from  the  ground  to  the  level  of  the  load 

at,  and  the  whole  was  completed  without  the  occurrence  of  any 
accident. 

About  sixty  men  were  employed  in  the  hoisting,  there  being 
e  e^  en  men  to  each  crab,  and  the  remainder  engaged  on  the  lea 


j  r.  .  Conclusion, 

a  j  i  a  close  this  somewhat  lengthy  description,  i 

vastnpl  ° t  k?*  exPress  his  sense  of  inability  to  cope  with  t 
s  0  e  subject,  and  the  importance  of  its  scientific  details 
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He  cannot,  however,  better  conclude,  than  by  reminding  the 
members  that  the  weight  of  responsibility,  the  arduous  duty 
supervision,  the  honour  of  acting  as  the  master  mind,  to  weigh  the 
requisites,  to  determine  the  design,  and  to  govern  the  construction  of 
this  great  apparatus,  have  been  reserved  for  Mr.  Cubitt,  President 
of  the  Institution  of  Civil  Engineers. 

The  paper  is  illustrated  by  a  large  collection  of  working  draw¬ 
ings  and  diagrams,  borrowed  for  the  occasion,  from  which  the  wood¬ 
cuts  are  compiled. 


Mr.  Vignoles  thought  it  was  incumbent  on  the  meeting  to  offer 
their  best  thanks  to  Mr.  Digby  Wyatt,  for  the  able  manner  in  which 
he  had  treated  this  interesting  subject,  and  for  bringing  it  to  the 
Institution ;  but  he  thought  that  the  last  paragraph  of  the  pa|>er 
required  some  explanation.  It  must  have  been  observed,  that  in 
mentioning  the  different  gentlemen  who  had  been  connected  with  this 


undertaking,  the  name  of  Mr.  Paxton  had  scarcely  received  due 
consideration  ;  this  should  not  have  occurred,  as  to  that  gentleman 
was  due  the  credit  of  having  originally  proposed  this  unique  design, 
for  which  the  Royal  Commissioners  had  discarded  their  own  plan, 
upon  which  so  much  time  had  been  spent,  and  in  the  arrangement  of 
which  no  doubt  considerable  expense  had  been  incurred.  11c  thouKht 
that  the  omission  now  complained  of  should  be  repaired  lie  was 

wthT  a  ’  a'Vareuthat  the  Presil,ent  was  so  intimately  connected 
th  the  design,  or  the  execution  of  the  building;  yet' he  trust, ,| 

„h'“r“k"0"w  m  be  vi'»«i  - 

intention  of  questioning  the  valup  nf  •  i  >  n  t,u 

(p-g.  8),  that  to  Mr.  Paxton  ™»  due'toe  mSTVl  l“|H'r 

even  more  strongly  than  had  been  1  u”®  y  JU8tlce  to  mention, 

by  Mr.  Cubitt  in  undertaking  so”  t’  5*  ™der„i 

vision  of  the  details  of  the  pLosS  °f  6  lab°Ur  °f  the  «*per- 
matters  connected  with  the  buihlilT^0^  and  of  the  8*»enU 
stated  more  distinctly  that  Mr  O  vl’  fact’  U  shou,<1  have  been 

?  e—rtod,  t  *”  ®uthority  ft™.  22 

lls  decision  ;  it  was,  therefore  onl  Vy7  question  was  submitted  for 
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assured  that  not  one  word  more  had  been  said  relative  to  Mr.  Cubitt 
than  his  actual  position  justified. 

Mr.  Turner  said,  that  it  was  well  known  how  deep  an  interest  he 
had  taken  in  the  subject,  from  the  first  promulgation,  in  the  Autumn 
of  1849,  of  the  grand  idea  of  an  Exhibition  of  the  Works  of  Industry 
of  all  Nations.  He  had  fully  concurred  in  the  opinion,  that  a  building 
should  be  provided  worthy  of  the  high  mechanical  skill  of  this 
country,  and  commensurate  with  the  enlarged  nature  of  the  under¬ 
taking.  He  had,  in  conjunction  with  his  Son,  designed  and  con¬ 
structed  a  model  of  a  structure,  which  he  had  the  honour  of 
submitting  to  the  Royal  Commissioners  at  their  third  meeting, 
January  24th,  1850,  at  which  meeting  a  Committee  for  all  matters 
relating  to  the  Building  was  first  appointed  ;  but  as  this  Committee 
very  properly  considered,  that  the  acceptance  and  adoption  of  any 
one  person’s  design,  without  competition,  was  not  in  accordance  with 
the  spirit  and  nature  of  the  whole  undertaking,  it  was  announced 
that  as  soon  as  the  site  could  be  definitely  settled,  suggestion' 
would  be  received  from  all  parties  as  to  the  general  arrangements  oi 
the  building. 

At  this  competition,  Mr.  Turner  brought  forward  a  second  design 
(Fig.  50),  adapted  to  the  ground  to  be  occupied  by  the  building. 
This  new  plan  consisted  of  a  long  parallelogram,  intersected  at 
the  centre  of  its  length  by  an  arched  transept,  carrying  a  dome . 
In  cross  section  it  was  semi-elliptical  externally,  but  form* 
three  avenues,  or  spans,  internally,  thus  having  only  two  rows 
of  supports  between  the  sides.  The  extreme  height  of  the  cen 
tral  avenue,  and  consequently  of  the  building,  was  100  feet,  am 
the  width,  or  span  of  this  avenue  was  200  feet ;  that  of  each  o  t 
side  avenues  was  104  feet,  making  the  total  width  of  the  bm  < 1,]- 
408  feet.  It  was  to  have  been  constructed  entirely  of  non  am- 
glass,  so  as  to  be  of  perfectly  uninflammable  materials,  as  lah 
and  required  by  the  Building  Committee,  in  their  schedu  e  ° 
structions  to  parties  intending  to  submit  designs.  The  ramin^ 
each  avenue  consisted  of  a  semi-circular  rib  of  wrought-irom^  ^ 
between  them  there  was  a  standard  of  the  same  materia  ,  a=>a^ 
which  they  abutted,  and  which  formed  a  support  for  the  ri  0 
portion  of  the  roof  between  the  apices  of  the  two  arches.  ^  ^ 
design,  however,  along  with  those  of  the  two  hundred  am  ' 
four  other  competitors,  was  rejected,  and  the  Committee  t  ere  ^ 
made  a  design  of  their  own,  the  construction  of  which  ^ 
offered  for  public  competition.  The  tenders  for  this-  contrac 
received  on  the  8th  of  July,  1850.  In  this  competition,  ^ 
Turner)  also  engaged  ;  but  that  he  might  not  be  accuset 
sistency,  in  tendering  for  a  design  so  different  in  charactci 


FIG.  50. 
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own,  he  only  offered  for  the  latter,  just  described,  which  he  believed 
would  have  proved  quite  as  suitable  for  the  intended  purpose,  and 
would  certainly  have  been  much  less  objectionable  in  many  other 
points  of  view.  In  the  interim,  however,  between  the  publication 
of  the  Committee’s  own  design  and  the  letting  of  the  contract, 
another  design  had  been  privately  prepared  and  estimated  for,  and 
was  accepted  by  the  Committee,  with  how  much,  or  rather  with  how 
little  justice,  he  would  not  permit  himself  to  say;  but  he  must 
submit,  that  the  second  design  proposed  by  him,  and  for  which  he 
tendered,  would  have  been  a  more  imposing  and  a  more  stable 
structure,  and  one  more  in  accordance  with  the  instructions  of  the 
Building  Committee  than  that  now  in  course  of  construction.  It 
had  also  this  other  recommendation,  that  whereas,  as  he  understood, 
Messrs.  Fox,  Henderson,  and  Co.’s  tender  for  Mr.  Paxtons  design 
was  £  79,800  for  use  and  maintenance  during  the  continuance  of 
the  Exhibition— that  was,  supposing  the  building  to  be  taken  down, 
and  the  materials  to  remain  their  property — Mr.  Turner’s  tender 
for  his  own  design  was  only  £ 69,800  for  the  same  purpose,*'! 
exactly  £  10,000  less  than  the  tender  of  Messrs.  Fox,  Hender¬ 
son,  &  Co.  . 

He  wished  now  to  draw  attention  to  one  or  two  points  connec 
with  the  building  more  immediately  under  discussion,  and 
would  endeavour  to  show  that  it  did  not,  in  its  present  state, 
that  amount  of  stability  usually  to  be  met  with  in  structures  o  i 
and  glass ;  indeed,  unless  it  was  much  altered  in  the ^course i  c » 
progress,  he  did  not  think  it  would  be  a  fit  receptacle  for  the 
productions  of  all  nations,  the  value  of  which  would  be  a 

incalculable.  .  ,  «  tiiu*. 

In  the  description  of  the  design  which  was  set  forth  in  t 
trated  London  News”  of  July,  1851,  presumed  to  have'” 
from  Mr.  Paxton,  or  under  his  authority,  the  foundations  P 
posed  to  consist  of  Mitchell’s  Screw  Piles,  so  that  a  firm 
be  obtained,  both  for  resisting  insistent  weight  and  for  Jj^ 

secure  hold  in  the  ground  against  lateral  pressure.  1  us  e 

feature  ;  but  now,  instead  of  this,  the  columns  merely  ^ 

concrete  of  lime,  sand,  and  gravel,  without  any  m  0  the 

the  ground,  either  by  fixture  to  a  pile,  or  to  a  stone  bloc  , 
bases  of  the  columns  were  very  small  and  weak,  and  there 

the  duty  they  had  to  perform,' it  would be  Per®e*ve? ’erage  of  » 
must  be  a  great  liability  to  heel  over,  when  the  fu  -je  u»|0 

series  of  columns  64  feet  in  height,  each  m  eigh  pi  of  wiud. 

operation,  which  they  would  most  undoubtedly  do  m  g  #  more 
unless  the  parts  of  the  building  were  connected  tog  ’  of  the 
secure  manner  than  at  present  appeared  to  be  the 
constructors. 
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Then  as  regarded  the  girders  supporting  the  galleries,  it  was  not 
sufficient  to  say,  that  they  had  been  tested  far  beyond  any  weight 
which  could  be  brought  upon  them,  because  the  testing  of  the 
-inlers  alone  did  not  prove  their  ultimate  stability  when  in  place, 
resting  on  a  small  snug  of  only  five  cubic  inches  of  cast  iron.  It 
was  to  be  feared  that  on  the  passing  of  great  numbers  of  persons, 
all  in  one  direction,  along  the  galleries,  an  undulatory  motion  would 
be  given  to  that  part  of  the  structure,  and  would  cause  a  fatal 
accident,  as  had  been  the  case,  from  the  same  cause,  on  many  sus¬ 
pension  bridges.  He  was  decidedly  of  opinion  that  these  galleries 
hhould  be  subjected  to  severe  tests,  which  should  be  made  to  cor¬ 
respond,  as  nearly  as  possible,  with  the  weight  of  the  number  of 
persons  likely  to  occupy  the  galleries,  and  with  the  velocity  at  which 
they  would  probably  pass  along.  If  there  was  any  objection  to 
this  mode  of  testing  the  whole  structure,  the  snugs  alone  might  be 
tested  by  the  simple  application  of  the  ram  of  an  hydraulic  press ; 
but  he  would  suggest,  as  a  preferable  mode,  that  the  girders  should 
be  tested  in  situ ,  whilst  resting  on  these  snugs  ;  this  could  be  done 
by  suspending  from  the  girders,  cradles  in  which  the  testing  weights 
would  be  placed ;  and  he  was  confident  the  same  amount  of  load 
would  not  be  sustained,  as  the  girders  had  borne  when  tested  sepa¬ 
rately.  This  was  the  mode  of  proof  suggested  by  Mr.  Fox  for 
Mr.  Turner’s  roof  over  the  Liverpool  Station,  and,  therefore,  it 
could  not  now  be  objected  to. 

The  universal  application  of  glass,  in  the  construction  of  this 
building,  rendered  the  question  of  its  strength  one  of  grave  import¬ 
ance;  Mr.  Turner  had,  therefore,  caused  inquiries  to  be  made,  as  to 
the  thickness  and  dimensions  of  the  glass,  generally  used  for  con¬ 
servatories  in  the  neighbourhood  of  London,  and  he  found,  that  the 
weight  was  usually  16  ounces  to  the  square  foot, — the  same  as  in 
this  building ;  but  instead  of  each  pane  being  49  inches  long  by 
10  inches  wide,  they  were  only  24  inches  long  by  7  inches  wide,  and 
in  some  cases  only  6  inches  wide.  Nevertheless  a  large  quantity  of 
’his  glass  was  broken  by  the  severe  hailstorm,  which  took  place  in 
the  Summer  of  1846.  Mr.  Turner  would  like  to  know  what  had 
cause(l  the  Building  Committee  to  change  their  opinion  so  com- 
\  lately  on  this  matter,  since  the  publication  of  their  own  plan,  in 
‘'  hich  the  glass  was  specified  to  be  24  ounces  to  the  foot,  and  was 
afterwards  required  to  be  30  ounces  to  the  foot.  However,  it  had 
^!n  ^d  that  the  glass  would  be  greatly  protected  by  the  canvas 
t  aring;  but,  as  the  covering  only  extended  over  one-half  of  the 
nilding,  it  was  clear  that  the  other  half  would  remain  without  that 
protection,  which,  from  its  weakness,  it  stood  so  much  in  need  of. 
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He  denied  that  there  was  any  absolute  reason  for  using  a  canvas 
covering,  because  had  dim-coloured  glass  been  used,  such  as  he  pro¬ 
posed,  the  rays  of  light  would  have  been  quite  as  effectually  sub¬ 
dued,  without  having  recourse  to  this  slovenly,  and,  positively, 
dangerous  contrivance,  which,  he  thought,  would  be  found  to 
seriously  militate  against  the  presumed  beauty  of  the  Crystal  Palace. 

It  could  not  be  denied,  that  there  existed  great  liability  of 
accident  from  fire  in  this  building,  which  really  seemed  to  be  con¬ 
structed  for  the  express  purpose  of  perishing  in  a  conflagration,  if 
one  stall  should  happen  to  catch  fire.  This  was  another  point  in 
which  the  present  building  differed  materially  from  the  instructions 
laid  down  by  the  Building  Committee,  and  also  from  the  plan 
which  they  drew  up,  in  both  of  which  all  the  materials  to  be  used 
were  required  to  be  “  fire-proof/’  so  that  the  progress  of  any 
fire  might  be  easily  arrested,  and  its  ravages  be  limited  to  the  spot 
where  it  broke  out.  This  departure  from  the  original  plan  was 
unwarrantable,  and  could  not  be  defended  on  any  grounds.  The 
Commissioners,  by  not  adhering  to  the  original  terms  of  the  spe¬ 
cification,  and  providing  “  a  fire-proof  building  free  of  rent,  ha( 
broken  faith  with  the  public  ;  he  understood,  that  the  building  ua> 
still  uninsured,  and,  perhaps,  might  continue  so;  and  as  he  supposed, 
that  the  Commissioners  did  not  intend  to  become  individual  y,  or 
collectively  responsible  to  the  exhibitors,  for  any  accident  \ 
might  arise,  either  from  fire,  or  otherwise,  the  exhibitors  wou  <  ia  ^ 
no  remedy  but  to  endeavour  to  effect  an  insurance  each  for  11S 
articles,  which  could  only  be  done  by  a  much  larger  outlay 
would  have  been  incurred  for  ordinary  rent  in  a  ready -  tire-]  ^ 
structure  ;  on  these  and  many  other  grounds,  which  the  Unu  he 
discussion  at  the  Institution  precluded  him  from  entering  >  ^ 
called  on  the  members  to  consider  the  question  carefu  y, 
record  the  resolution  at  which  they  should  arrive.  ^ 

Mr.  Scott  Russell  said  that  he  felt  a  deep  m  eres  ^ 
building  in  Hyde-park,  both  officially  and  perse >na Uy,  bu  >  ^ 
the  commencement,  he  had  never  had  the  slightes  eference 

it  professionally,  nor  taken  the  smallest  responsibility  m 
to  its  construction,  he  might  be  permitted  to  speak  dism  bu( 
not  as  Secretary  to  the  Commission  for  the  Exhibition  o  ^ 

simply  as  a  member  of  the  Institution.  _  Thf®e „in  r° .  Donsibili*f ! 
were  not,  however,  intended  to  shelter  himself  from  -P  the 
on  the  contrary,  he  should  be  proud  if  he  was  *  ^  either 

slightest  share  of  the  responsibility,  or  the  merit  o  )  =  d 

in  the  design,  or  in  the  details  of  the  construction,  c 
the  building. 


the  great  exhibition  building. 
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From  what  Mr.  Turner  had  said,  it  might  be  assumed,  that  he 

Crete,  w  ithout  attachment  to  the  ground,  and  that  the  colu™"s  ^ere  s° 
nlaced  that  if  such  a  degree  of  obliquity  was  given  to  one  of them,  t  a 
ii  centm  of  gravity  should  be  extended  2  inches,  or  3  inches  beyond 
the  base,  the  whole  structure  would  topple  over  like  a  pack  of  car  s, 
and  fall  prostrate.  He  quite  agreed  with  Mr.  Turner,  that  such  a  pr  - 
sure  as  50  lbs.  on  the  square  foot,  which  had  been  mentioned,  would 
overturn  the  building,  if  it  were  really  constructed  as  was  supposed^ 
Many  railway  stations  depended  for  their  stability  on  the  mode  of 
fixing  the  base  of  the  column,  but  to  them  the  present  struetvii-ehad 
not  The  slightest  analogy ;  indeed,  it  was  so  totally  different,  that 
instead  of  the  falling  of  one  column  having  any  tendency  to  bring 
down  the  next,  he  believed  if  one  was  knocked  to  pieces  it  would 
not  at  all  affect  the  neighbouring  one,  but  the  two  next  woul  so 
completely  support  the  structure  that  the  loss  of  the  one  would  not 
be  felt;  this  had  actually  occurred ;  a  pillar  had  been  broken,  anc 
its  loss  had  not  produced  the  slightest  effect.  Being  a  series  of 
squares,  if  an  accident  occurred  to  one  square,  the  broken  girder,  or 
column  would  be  supported  by  the  pressure  and  tension  of  the  sur¬ 
rounding  square.  In  illustration,  then,  of  the  tiue  princip  e  on 
which  this  building  was  constructed,  he  would  refer  to  the  case  oi  a 
four-legged  table,  which  was  neither  supported  on  stone,  nor  concrete, 
nor  bolted  to  the  floor;  and  although  a  single  leg  standing  alone 
would  certainly  topple  over,  yet  the  manner  in  which  the  four 
were  united  gave  the  strength.  He  considered  such  a  table  as  a 
type  of  the  building,  and  a  glance  at  the  transverse  section  would 
satisfy  any  one  of  the  fact,  that  the  building  was  made  up  of  a  con¬ 
tinuous  repetition  of  a  structure  and  framing  of  the  nature  of  that 
table.  The  entablature  which  united  the  columns  at  the  top,  was 
firmly  attached  to  the  upright  pillars,  in  the  same  manner  as  the 
frame  of  the  table  was  attached  to  each  leg.  It  was  the  top  frame 
which  preserved  the  leg  in  its  upright  position,  and  just  in  the  same 
manner  as  the  table  was  firm,  although  its  legs  were  not  attached  to 
the  floor,  was  this  building  secure  and  stable,  although  the  columns 
were  not  inserted  into  the  ground. 

There  were  thirteen  pillars  in  the  cross  section,  and  eighteen  cross 
wrought-iron  girders,  every  one  of  which  must  be  broken  from  its 
attachment,  or  be  fractured,  or  have  the  pillar  cut  away  from 
under  it,  before  the  building  would  yield  to  the  pressure  of  the 
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wind.  It  was  obvious,  therefore,  that  there  was  such  an  accumu¬ 
lation  of  strength  as  he  believed  could  not  be  found  in  any  other 
building  of  a  similar  nature,  and  decidedly  greater  than  was  at  all 
necessary  to  resist  any  forces,  elemental,  or  otherwise,  that  were 
ever  likely  to  act  upon  the  building. 

Mr.  Paxton  thought  it  right  to  explain  to  the  meeting  that 
when  his  design  was  accepted,  it  was  ordered  that  Messrs,  fox,  Hen¬ 
derson,  and  Co.  should  submit  the  working-drawings  to  Mr.  Cubitt 
(President  Inst.  C.  E.)  for  his  approval.  A  tabulated  form  was 
then  drawn  up  of  the  weights  of  every  part  of  the  structure,  of  the 
test  to  which  each  part  should  be  subjected,  the  calculated  breaking- 
weights,  and,  indeed,  of  all  the  details  of  construction.  These  cal¬ 
culations  were  further  tested  by  careful  experiments  made  at  the 
works  of  Messrs.  Fox,  Henderson,  and  Co.,  near  Birmingham,  so 
that  every  precaution  had  been  taken  to  insure  per  ect  sa  e  j 
Those  gentlemen  were  quite  ready  to  give  any  information  as  to 
the  stability  of  the  structure,  and  he  would  be  happy  toJnswer  "ny 
questions  that  might  be  asked,  relative  to  the  principle  of  the  r  g 
and  furrow  roof,  to  the  open  flooring,  and  to  the  system  0  ven  |  * 

As  it  had  been  asserted,  that  the  glass  used  in  ie  0 
in  Hyde  Park  was  not  of  sufficient  strength-he  would  P  b 
that  the  glass  used  in  the  great  conservatory  at  Chat8W°*  ’  “j, 
had  now  been  erected  ten  years,  weighed  only  15  on  ^ 

square  foot;  the  length  of  each  pane  was  only  one  inch  ^ 

that  used  in  this  building,  and  the  ends  were  oblique,'!  ^  ^ 
have  the  effect  of  weakening  it,  and  yet  not .a  sing  ;  P 
broken  by  any  hail-storm  which  had  taken  place jdu  8 
of  years.  The  canvas  covering,  as  well  as  affine hng  g  V 
tion  to  the  glass,  would  keep  out  the  sun-rays  and  subduet  ^  ^ 
light,  which  might  be  objectionable ;  and  it  wou  for 

been  explained  by  Mr.  Digby  Wyatt,  be  o  e  Jt  shouid  be 
producing  ventilation  during  the  summer  months  ^ 

understood  that  the  canvas  covering  was  in  deta  V  i(J 

piece  extending  only  from  ridge  to  ridge,  so  *  could  not  by 
happen  to  catch  fire,  as  had  been  suggeste  ,  1(1  0f  the  cauv3S 
any  possibility  be  communicated  to  the  other  po  ^  burned. 
covering,  and  consequently  that  piece  on  y  "  chatsw°rtl1 11 

As  to  the  effect  of  snow,  he  could  only  say  tha  ^  ^ing 

had  been  sometimes  twelve  inches  thick  on  t  ie  ro 

productive  of  any  injury.  with  the  build'0? 

Mr.  C.  H.  Wild  remarked,  that  his  conne  aU  tt,e  pta°- 

had  enabled  him  to  become  intimately  acquain  e  ulatioB(th»> 

tical  details  of  the  structure,  as  well  as  wit 
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had  been  previously  made  for  determining  the  strength  of  the  dif¬ 
ferent  parts,  and  also  with  the  experiments  that  had  subsequently 
been  made  to  test  the  correctness  of  these  calculations.  He  was, 
therefore,  in  a  position  to  speak  positively  on  these  points,  not  as  a 
■natter  of  speculation,  or  mere  conjecture,  but  as  stern  facts,  and  he 
would  endeavour  to  examine  each  part  seriatim. 

First,  with  regard  to  the  foundations,  to  which  great  attention 
had  been  devoted,  borings  were  very  carefully  made  over  the  whole 
of  the  site,  which  was  found  to  consist  of  gravel  of  the  most  com¬ 
pact  kind.  The  holes  were  filled  up  with  concrete  of  even  a 
sounder  quality.  This  was  tested  to  the  extent  of  7  tons  per  square 
foot  without  crushing,  or  being  otherwise  injured.  And  as,  by  cal¬ 
culation,  it  had  been  found  that  2J  tons  was  the  utmost  that  could 
ever  be  brought  to  bear  on  each  square  foot  of  foundation,  supposing 
the  galleries  and  every  part  of  the  building  to  be  crowded  with 
visitors,  and  the  roof  to  be  covered  with  2  feet  of  snow,  he  thought 
they  had  kept  well  within  the  mark. 

Before  determining  the  thickness  of  the  columns,  careful  calcu¬ 
lations  had  been  gone  into,  as  for  the  foundations,  to  ascertain 
precisely  the  weight  which  each  would  have  to  bear  under  all  the 
circumstances  of  the  building.  The  thickness  of  the  metal  of  the 
weakest  column,  which  had  only  to  support  half  of  a  24  feet  bay 
of  roofing,  was  ^  inch,  and  it  varied  from  this  to  1^  inch,  which  was 
the  thickness  of  the  strongest  column  of  the  nave,  upon  which  the 
actual  weight  would  only  be  60  tons,  whilst  its  breaking-weight 
was  306  tons. 

It  was  impossible  to  calculate  what  the  snugs  which  supported 
the  girders  would  really  bear,  but  he  thought  that  they  were  so 
strong  (in  fact  the  strongest  part  of  the  building)  that  it  was  per¬ 
fectly  ridiculous  to  raise  a  question  about  them. 

The  girders  had  all  been  proved  to  double  the  greatest  weight 
that  could  ever  be  brought  upon  them,  and  their  breaking-weight 
was  double  that  of  the  testing-w  eight,  so  that  they  were  four  times  as 
strong  as  any  weight  they  would  ever  have  to  bear.  The  same  law  did 
not  apply  to  the  roof-trusses,  which  only  had  to  support  the  actual 
"  eight  of  the  roof  and  the  snow  which  might  happen  to  fall  upon  it. 
He  had  before  stated,  that  in  all  cases  a  thickness  of  2  feet  of  snow  had 
l»|  en  allowed  for,  and  he  believed  every  one  would  admit  that  to  be  an 
allowance  amply  sufficient  to  meet  all  contingencies.  The  weight 
the  roof,  together  with  that  of  the  snow  which  each  truss  would 
have  to  support,  was  not  equal  to  two-fifths  of  the  test  that  had  been 
applied,  and  which  the  trusses  had  borne  and  recovered  from. 
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without  alteration,  or  without  acquiring  any  permanent  set.  The 
glass  had  been  proved,  by  the  experience  of  some  years  at  Chats- 
Lrth,  to  be  amply  strong  enough  for  resting  more  inclement 
weather  than  generally  occurred  in  a  winter  season  in  London,  so  no 
fpars  need  be  entertained  on  that  account. 

Mr  IIeppel  said  he  had  listened  with  much  attention  to  the 
naper’  and  to  the  observations  which  had  been  made  by  the  different 
speakers  but  as  there  were  still  one  or  two  points  on  which  more 

exobcTt  information  seemed  to  be  required,  and  which,  no  doubt 

those  immediately  connected  with  the  building  cou  c  supp), 

rg£Z  on,  comparing  the  £ 

Lpfe  In  wtch  this  building  was  constructed  to  that  o  a  four- 
L  *  j  i  up  was  extremely  clear  and  instructive.  He  > 

esl 

the  purpose  of  this  argument,  t  a  a  floor- 

pletely  across  the  building,  at  a  height  of  20  feet  abo 

level  or  at  the  heads  of  the  lower  columns,  in  the  p  P 
level,  or  a  of  the  galleries,  and  would  then  ascer 

Hnow  occupied  b)  the  gi  g  brought  upon  these  lower 

Icolumns,  by  the  action  of  d  mpare  tins 

ling  for  the  present  its  action  on  the  lower  story,  ana 

being  24  feet,  »d  the  heigh,  of  the ». 

I  40  feet,  the  surface  corresponding  supposing  the  force  of 

M  lower  story  would  be  960  square  e  ,  PPuld  then  be  a  hori- 

§  the  wind  to  be  50  lbs.  per  square  foot,  the  ■  0f  columns 

I  ^foreeof48,0001^oe  e,eh.™-^»bb^ 

I  i„  the  lower  .ter,.  Th»  force  w.,,14  cl~  ,  »  ^ 

"I  the  heads  of  these  columns,  and  would  »et  and  thetop 

I  the  whole  lower  story  was  a  tab  e  .  was  a  matter  of 

I  of  it  was  pushed  with  this  force.  In J  such  a  ca  ^  aIld  the 

'  indifference  whether  the  legs  were >  at  ache d  J  ^  teble  was 

top  of  the  table  was  pushed,  oi  wheth  _  direction,  per* 

the  fixture  and  the  force  was  applied  in  the  PP  it  would 

pendicular  and  transversely  to  the  leg-  J^the  lat^  ^  ^  one 
act  on  them  as  on  so  many  tubes  so  y  w  here  be  18 

end  and  projecting  their  whole  length,  whi  them  it  would, 

and’ as  the  strain  would  be  divj of  48  000  lbs.,  or  3,700 lbs, 
in  tins  instance,  amount  to  one-thirteenth  of  48, UU 

or  1’65  ton  upon  each. 
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Now,  in  Mr.  Edwin  Clark’s  Treatise  on  the  Britannia  and  Con¬ 
way  Tubular  Bridges,*  the  breaking  weight  of  a  cast-iron  tube, 
6  feet  in  length,  3£  inches  mean  diameter,  and  having  a  sectional 
area  of  4*12  square  inches,  supported  at  each  end,  and  loaded  in 
the  middle,  was  2*287  tons.  Half  this  quantity,  therefore,  or 
1  •  143  tons,  would  be  the  breaking-weight  of  a  tube  3  feet  in  length, 
fixed  in  a  wall,  and  loaded  at  its  extremity.  And  since  the  breaking 

weight  of  tubes  was  shown  to  be  proportional  to  the  function  ^ 

(where  a  was  the  sectional  area  in  square  inches,  d  the  mean 
diameter,  also  in  inches,  and  L  the  length  in  feet),  it  might  be 
inferred,  that  the  breaking- weight  of  a  tube  of  the  average  strength 
of  these  columns,  18  feet  in  length,  7^  inches  mean  diameter,  and 
having  a  sectional  area  of  17  square  inches,  would  be  1  *628  tons. 

He  had  before  shown,  that  a  force  of  50  lbs.  per  square  foot,  on 
the  surface  of  the  two  upper  stories,  would  bring  a  strain  of  1  *  65  tons 
on  each  column  in  the  lower  story,  tending  to  break  these  columns 
at  their  necks.  This  was  a  strain  which  exceeded  the  calculated 
breaking-weight ;  and  although  the  force  of  the  wind  might  never 
amount  to  50  lbs.  per  square  foot,  it  was  obvious,  that  whenever  it 
exceeded  one-quarter  of  that  amount,  the  strain  on  the  necks  of  the 
columns  in  the  lower  story  would  approach  nearer  to  the  breaking 
strain  than  most  engineers  considered  to  be  consistent  with  safety. 

From  the  experiment  before  mentioned,  the  probable  deflection 
of  these  columns  might  also  be  ascertained.  It  appeared  that  the 
tube  used  in  that  experiment  deflected  *28  of  an  inch,  with  a  weight 
of  21  cwt.  applied  at  its  centre  ;  if  the  tube  had  been  half  the 
length,  and  had  been  loaded  with  half  that  weight  at  its  extremity, 
the  deflection  would,  at  least,  have  equalled  that  amount.  The 

deflection  of  tubes  was  well  known  to  vary  as  the  function  9 

(where  W  was  the  weight  applied  in  cwts.,  I  the  length  in  feet,  a 
the  sectional  area  in  square  inches,  and  d  the  mean  diameter,  also  in 
inches)  ;  therefore  the  deflection  of  a  tube  situated  like  these  columns, 
and  under  the  same  circumstances,  with  a  force  of  wind  of  50  lbs. 
per  square  foot,  would  at  least  amount  to  10*8  inches,  which  might 
be  termed  the  breaking  deflection,  and  for  any  other  force  of  wind 
11  W0uld  vary  in  direct  proportion,  increasing  about  2  inches  for 


ide  “  The  Britannia  and  Conway  Tubular  Bridges  :  with  general  inquiries 
J!  earns  and  on  the  properties  of  materials  used  in  construction.  By  Edwin 
ar  •  Published  with  the  sanction  and  under  the  supervision  of  Robert  Ste- 
^  kuson.  2  vols.  8vo.  Folio  atlas  of  plates.  Lond.  1850;”  vol.  i.  page  430. 
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every  10  lbs  per  square  foot.  Mr.  Heppel  would  be  glad  to  know 
whether  such  an  amount  of  deflection  was  anticipated. 

With  regard  to  the  effect  of  expansion  and  contraction  on  the 
long  line  of  girders,  by  the  variation  of  the  temperature,  he  would 
cite  the  opinion  of  Tredgold  (almost  the  only  good  authority  on 
the  subject),*  that  in  this  climate  the  variation  in  the  length  of  cast- 
iron  bars  exposed  to  the  sun— and  it  was  fair  to  presume  that  the 
girders  in  this  building  would  be  so  exposed-amounted  to  T*r«t 
of  their  length.  This  in  a  length  of  1,848  feet  would  amount  to 
about  18  inches;  but  as  this  building  was  intersected  by  a  tran¬ 
sept  at,  or  about,  the  centre  of  its  length,  the  half  of  this, 
inches,  would  be  the  variation  in  length  of  each  portion  ;  and  sup¬ 
posing  all  the  girders  to  have  been  fixed  at  a  mean  temperature 

and  their  junction  with  the  transept  to  be  firm  and  statmnary  ead. 

extremity  would  oscillate,  or  shift  in  position,  9  inches,  or  b  ' 

on  each  side  of  its  mean,  or  original  position.  This  co^ra  on 

seemed  of  itself  to  exclude  the  possibility  of  supposing  a  rigid ^ 
nexion  between  the  bases  of  the  columns  and  the  *  ’a rter 

that  case  the  breaking  deflection  would  only  amount  to  one-q  ^ 
of  what  it  would  be  on  the  supposition  of  ,he  b^s  b®  Js  of  the 
oscillate,  or  less  than  the  distance  through  which  the  he  d  f 
columns  would,  by  the  expansion  and  contraction,  be  ma 

Mr.  Heppel  therefore  considered  they  were 
either  that  if,  as  in  Mr.  Russell’s  supposit.on  the  b 
columns  were  supposed  not  to  be  rigidly  conn  ted 
but  to  depend  on  the  rigidity  of  their  union  with >  the.«pe  ^  ^ 
then  their  strength  was  not  so  much  m  exces  h  ^ 

which  might  be  brought  upon  them,  as  w  J  connexion 

sary  for  perfect  security  ;  or,  on  the  other  hand  JVJ* 
at  the  bases  was  supposed,  then  there  would  be  danger^  ^ 

by  the  motion  induced  by  the  expansion  and  contract.o 

g  In  offering  these  remarks,  he. wished jt t0  d^inctly  und^  ^  ^ 
that  they  were  not  made  as  criticisms  on  the  »  lf  only  knew 

exposition  of  the  wants  of  those  members  w  o,  description  given 

this,  in  many  respects,  admirable  work,  from  t  F  d  bee„ 

in  Mr.  Digby  Wyatt’s  paper,  and  ^/^tlttention  to  such 
made  upon  it.  He  would  listen  with  the  u  on  the  subject 

further  explanation  as  any  gentleman  better 

- - - -  d  other  Metals* 

*  Vide  “Practical  Essay  on  the  Strength  of  Cast  Iron,  an,  ^  editioD. 
&c;  containing  practical  rules,  tables,,  and  examples,  &  • 

By  Thomas  Tredgold.  Oxford,  1824,  page  272. 
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might  be  disposed  to  give,  and  with  the  strongest  desire  to  be  con¬ 
vinced  of  the  sufficiency  of  every  part  of  the  building. 

Professor  Airy  said  he  had  listened  to  the  abstract  of  Mr. 
Wyatt’s  paper,  and  to  the  discussion  on  it  with  much  interest,  and 
would  remark,  that  he  was  following,  in  a  great  measure,  the  gentle¬ 
man  who  had  last  spoken  ;  at  the  same  time  he  thought  some  ele¬ 
ments  of  calculations  might  be  altered,  and  the  general  considerations 
be  put  in  a  different  form.  He  had  no  intention  to  criticise,  in  any 
degree,  the  general  plan  of  the  building.  He  joined  in  opinion 
with  the  great  mass  of  persons  who  had  considered  that,  in  its 
general  structure,  as  intended  for  a  specific  purpose,  it  was  admirable, 
and  that  nothing  could  exceed  the  skill  displayed  by  those  who  were 
immediately  intrusted  with  the  erection.  He  would  confine  his 
observations  to  those  parts  of  the  structure  having  immediate  refer¬ 
ence  to  its  strength,  and  if  he  objected  to  some  things  which,  in  his 
judgment,  did  not  appear  sufficiently  strong,  he  did  so  not  for  the 
purpose  simply  of  finding  fault  with  them,  but  with  this  view,  that 
if  it  were  judged  expedient  to  make  alterations,  although  late,  there 
was  probably  yet  time  to  make  them. 

In  considering  the  general  plan  of  the  building  in  Hyde  Park, 
the  first  thing  which  must  strike  any  one  who  examined  it  with 
reference  to  its  strength  was,  that  the  world  had  never  seen  such 
an  instance  of  a  purely  rectangular  structure.  He  was  aware  of  the 
extent  to  which  this  principle  was  carried,  in  the  Lancashire  mills, 
and  in  buildings  of  that  class  generally;  but  in  all  those  places, 
where  vertical  columns  supporting  rectangular  combinations  of 
beams  were  carried  up  story  after  story,  there  was  an  ultimate 
resource  of  strength,  in  the  tying  of  those  beams  into  the  walls,  and 
in  the  connexion  of  the  side  walls  with  the  strong  end  walls. 
Those  structures,  therefore,  depended  for  their  strength  and  sta¬ 
bility,  on  considerations  entirely  different  from  those  which  applied 
to  the  glass  building  in  Hyde  Park. 

In  order  to  estimate,  whether  a  structure  of  the  present  kind  was 
competent  to  resist  such  forces  as  might  be  expected  to  come 
against  it,  he  would  first  take  into  consideration  the  force  of  the 
wind,  and  the  grounds  of  his  calculation  were  these  :  it  was  well 
known  that  in  this  part  of  the  country  there  might  be  expected, 
°nce,  or  twice  a-year,  gales  which  have  a  singular  uniformity  in 
their  maximum  pressure,  rising  from  about  20  lbs.  to  25  lbs.  on  the 
square  foot. 

It  might  be  given  as  a  good  practical  rule,  that  a  square  of  build- 
sustained  about  a  ton  of  pressure  from  the  wind.  He  would, 
therefore,  take  one  of  the  transverse  frames  of  this  great  building, 
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and  consider  how  much  of  horizontal  pressure  it  would  have  to  bear 
from  the  wind.  The  breadth  which  had  to  be  sustained I  by  that 
frame  was  24  feet,  the  height  above  the  ground  being  about  60  feet ; 
multiplying  these  together,  it  would  be  found,  that  the  portion  of  a 
side  exposed  to  the  wind,  which  was  supported  by  Oat  cross .framing, 
was  about  16  squares,  or  sustained  a  pressure  of  16  tons,  actin 
horizontally,  at  a  mean  height  of  33  feet.  For  the  present  he  would 
put  aside  all  considerations  of  the  stiffness  of  the  column^ ^ 
sider  merely  the  effect  of  the  girders,  which  were  hooked  at  d 
upper  and  lower  edges  into  the  snugs  cast  on 

girders  acted  as  these  did,  resisting  any  tendency  to  he  .nchnat  on 
rf the  columns,  by  the  thrust  of  the  upper  edge-ad  the  pull  ** 

lower  edge,  or  ven^  their  actmn  ^^tn  it  wa!  well 
palled  in  theoretical  mechanics  a  couple,  a 
known  that  their  position,  in  regard  t°  abs^ute  height,  w as  a  n,  ^ 
of  no  importance  in  resisting  the  tendency  t >ftU, 

on  which  the  resistance  depen  e  was  >  a  pressure 

The  depth  of  these  girders  was  3  feet.  Here  t  ^  resisted 
of  16  tons  acting  at  a  mean  height  of  33  fe  •  of  that 

bv  a  single  girder  hooked  on  at  one  enc  y,  ^  of  about 
girder  being  3  feet,  that  hook  would  sustain  P  number  of 
180  tons.  But,  when  there  were  in  ,he  s^e  of  attachment, 

girders,  all  receiving  the  same  motion  at  them  p  t  it  was 

—when  the  form  of  the  frame  was  sensibly  rt  *  J  dered 

in  the  building  in  Hyde  Park),  this  pressure  might^be  ^  ^ 

as  divided  equally  among  all  the  di  eren  poi  •  breaking 

seventeen  girders  in  the  whole  frame,  thirty- 

points;  the  pressure  being  180  tons  to  one  0f  those 

four  points,  it  followed,  that  there  would  be  on  e^  ^  one  of 
hooks,  a  pressure  of  between  5  tons  and  6  to  >  ure  0n 

them  broke,  there  would  be  a  correspond!" „  men,  whether 

all  that  remained.  It  was  a  question  P  cast.iron),  was 

the  strength  of  the  hooks,  or  snugs  (whichwe  ^  doubt3  0n  the 
sufficient  to  resist  such  a  strain  ;  he  con  ®  and  considering 

point;  he  did  not  think  them  sufficiency  strong  de,iberate 

this  as  the  main  support  of  the  building,  he  did  not, 
judgment,  think  the  strength  was  suffi"  ding  to  support 

It  was  quite  true  that  there  was  another  thing  t  »,  on  ,he 
the  building,  namely,  the  stiffness  of  thJ  ^  ’received  from  & 
ground,  independently  of  the  support  which  hey  &  horiz0„,al 

irders.  A  column  might  give  way,  undertheetf  i(s  join* 

.rust,  either  from  the  column  itself  ^ing^  ^  on  the 
or  from  its  foundation-piece  bemD 
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eround  He  had  no  fear  of  the  columns  breaking;  he  should  be 
much  more  inclined  to  expect  that  the  joints  might  break,  by  the 
fracture,  or  stripping  of  the  flange-bolts.  But  those  parts,  m  his 
opinion,  were  much  stronger  than  the  method  of  foundation ;  the 
base-plates  were  small,  and  merely  rested  on  a  mass  of  concrete, 
without  being  attached  to  the  ground,  so  that  a  very  trifling  force 
would  suffice  to  tear  them  up,  or  rather  to  turn  them  over,  on  any 
divergence  of  the  columns  from  the  perpendicular.  He  therefore 
thought  himself  justified  in  referring,  as  he  had  done,  to  the  girders 
only  for  the  strength  of  the  building. 

In  alluding  to  the  foundation-plates,  and  the  beds  of  concrete 
upon  which  they  rested,  he  thought  it  proper  to  remark,  that  he  had 
heard  some  expression  of  doubt  as  to  their  competency  to  resist  t  e 
vertical  pressure  which  would  come  upon  them.  He  had,  however, 
no  doubt  of  that  kind  himself ;  the  only  part  in  which  he  thought 
them  weak  was,  in  their  inability  to  resist  an  uprooting,  or  over¬ 
turning  force. 

It  would  be  observed,  that  since  the  design  of  the  building  had 
been  originally  formed,  a  number  of  diagonal  stays  and  ties,  had 
been  introduced  into  various  parts ;  as  far  as  he  could  ascertain, 
from  the  information  he  had  received,  the  space  between  one  of 
those  diagonals  and  another,  measured  along  the  length  of  the 
building,  amounted  to  192  feet.  There  was,  therefore,  192  feet  left 
undefended,  except  by  the  support  it  received  from  the  diagonals 
at  the  end,  which  gave  little  strength  to  the  intermediate  part. 
For  there  was  no  bracing-support  between,  even  in  the  arrange¬ 
ment  of  the  planking  of  the  floor,  and  it  was  quite  conceivable,  that 
when  the'  wind  blew  violently,  the  parts  intermediate  between  these 
diagonals  might  be  blown  down,  leaving  in  a  standing  state  the 
frames  which  were  strengthened  with  diagonals. 

The  calculation,  which  he  had  submitted  to  the  Institution,  sup¬ 
posed  the  building  to  stand  quietly  resisting  the  action  of  an  un¬ 
varying  pressure.  But  it  was  not  thus  that  the  greatest  injury  was 
commonly  inflicted.  When  the  wind  blew  in  gusts,  or  even  when 
crowds  of  persons  were  moving  about,  a  building  constructed  with 
so  little  regard  to  stiffness  would  be  put  in  a  state  of  vibration, 
aud  at  one  of  the  largest  vibrations  some  hook,  or  snug,  which  had 
been  wedged  up  tightly,  and  had  borne  the  principal  pressure,  would 
probably  give  way,  and  when  this  had  happened,  it  might  be  ex¬ 
pected  that  in  the  following  gusts  the  hooks  would  break  seriatim. 
He  could  not  entertain  any  belief  that  the  building  would  endure 
for  a  long  time.  To  strengthen  it,  he  would  suggest  the  addition 
of  diagonal  tie-bars  through  every  or  nearly  every  transverse  frame, 
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tying  the  tops  of  the  columns  next  the  middle  avenue,  with  points 
,  0f  the  external  columns  near  their  foundations,  and  connected  with 
every  column  and  girder  which  they  passed;  if  that  plan  was 
i  adopted,  he  thought  considerable  extra  strength  would  be  given  to 
the  building.  It  would  also  be  proper  to  insert  diagonals  in  the 
longitudinal  framing. 

Professor  Airy  concluded  by  adverting  to  instances,  principally 
I  connected  with  the  mounting  of  astronomical  instruments,  in  which 
he  had  occasion  to  remark  the  astonishing  difference  of  firmness 
between  a  rectangular  frame,  having  broad  flange  bearings  at  the 
bottom,  and  girder  connexions  at  the  top,  and  another  frame  of  far 
lighter  materials,  and  with  no  strength  of  joints,  but  planned  on 
I  triangular,  or  braced-rectangular  arrangement  of  bars. 

Mr.  Joseph  Freeman  suggested  whether  the  force  o  > 

'  if  so  great  as  had  been  stated,  would  not  break  the  glass,  or  ore 
4  the  sash-bars,  before  it  operated  injuriously  on  the  framing 

I  ^“majob-Gekebai-SibC.  W.  Fasee,  .bough.,  M  "«  ^ 
take  place  from  vibration,  or,  more  properly  speaking,  fro 
!  lation,  in  a  rectangular  building  like  that  in  Hyde  Park,  which  resem¬ 
bled  a  bridge  on  piles,  or  piers,  and  was  not  at  all  an  g , 
suspension-bridge.  The  effect  of  troops  marching  regu  a  y 
1  over  a  suspension-bridge,  produced,  not  a  vibration,  but  .J 

from  which  at  least  one  serious  accident  had  j and  .  but  in 

he  believed  another  had  occurred  in  the  north  of E ^  elements  of 
the  building  under  discussion,  there  were  tea  y  ariging 

undulation,  and,  therefore,  no  reasonable  fears 
from  that  cause  could  be  entertained.  Associate,  it 

Mr.  A.  J.  Robertson  trusted  that,  as  so  you  g  ^  Insti. 
would  not  be  considered  presumptuous  in  him  the 

I  tution,  on  a  subject  of  so  much  importance  as  ^ 

building  for  the  Great  Exhibition  ;  but  as  e  Con- 

cipal  point  had  not  been  alluded  to,  he  ventured  to  submi 

sideration  a  few  observations.  nroDortion  was 

It  was  a  received  axiom  in  construction,  P  taneouslytoa 

perfect,  when  all  the  parts  of  a  structure  yielded  s.m  1^ 
force  which  was  sufficient  to  break  one  o  el*’-  f  ]lowed  in  the 
under  consideration  this  principle  seemed  to  hax  e  been  f 
cast-iron  girders  which  united  the  columns,  so  far  as  their  P 
of  bearing  weight  was  concerned.  or  set  0f 

But  when  a  structure  had  to  resist  more  than  one .  t*  ,  t0 

forces,  independent  of  one  another,  it  was  evil  condition  to 

adjust  the  proportions  in  such  a  manner  as  to  cause 
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obtain  with  respect  to  all.  Hence  it  was  necessary  to  take  the 
weakest  point,  and  the  amount  of  resistance  it  was  capable  of  offering, 
as  a  measure  of  the  stability  of  the  whole. 

There  appeared  to  be  no  cause  for  doubt,  as  to  the  strength  of  the 
columns  for  supporting  weight,  provided  the  castings  were  sound  ; 
but  as  regarded  transverse  strain,  the  case  seemed  not  to  be  so  clear. 

Mr.  Scott  Russell  had  justly  compared  the  square,  formed  by  four 
columns,  to  a  table,  the  legs  of  which  must  be  broken,  before  it 
could  be  overturned ;  but  in  order  to  ascertain  the  exact  value  of 
this  stability,  it  was  necessary  to  calculate  the  transverse  strength 
of  the  columns.  Again,  since  the  stability  depended  entirely  on  the 
girders,  there  being  no  fastening  at  the  bottom  of  the  columns,  and 
the  size  of  the  base  plates  being  insignificant  in  comparison  with  the 
height,  it  was  necessary  to  ascertain  the  power  they  possessed  of 
offering  resistance  to  a  horizontal  force.  Suppose  two  columns, 


FIG.  51. 


A  B  and  C  D,  with  a  girder  between  them,  and  attached  at  the 
points  E  and  C  only.  This  system  would  evidently  have  no  power 
to  resist  a  horizontal  force  applied  at  P.  If  the  girder  was  attached 
at  the  points  A  and  F,  and  a  sufficient  force  was  applied,  it  was 
evident,  that  the  system  must  yield,  either  by  the  giving  way  of  the 
fastening  at  those  points  of  the  girder  itself,  at  the  points  G  and  H> 
or  by  the  breaking  across  of  the  columns,  at  the  necks  E  and  F . 

The  flanges  of  the  girders  not  having  so  great  a  sectional  area  as 
the  snugs,  these  snugs  would  not  be  the  first  to  yield,  if  the  metal  was 
sound.  Here  it  is  necessary  to  inquire,  whether  there  was  not  some 
risk  of  the  keys,  which  were  the  only  fastening,  working  loose, 
when  vibration  was  communicated  to  the  building,  or  whether  means 
had  been  adopted  to  prevent  this. 

1  he  area  of  the  section  of  the  girder  at  G  was  stated  to  be  3  •  9 
square  inches  ;  at  H  it  was  4*89  square  inches ;  G  would  therefore 
he  the  first  to  yield.  Moreover  this  strain  was  tensile,  therefore  the 
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force  necessary  to  break  the  flange,  would  be  about  28  tons,  and 
the  pressure  to  be  applied  at  the  foot  of  the  column  would  be 
3  x  28 

I  2q  ~  =  4  tons-  *■ 

From  experiments  made  by  Mr.  John  Hosking  for  Mr.  R.  Stephen¬ 
son,  and  given  by  Mr.  Edwin  Clark  in  his  account  of  the  Britannia 
Bridge, *°it  appeared,  that  the  force  applied  at  the  foot  of  a  hollow 
column  21  feet  long,  8  inches  in  diameter,  and  f  of  an  inch  thick, 
s  was  1  •  16  ton,  and  this  was  the  reaction  of  an  equal  force,  applied  at 
the  level  of  the  girder ;  the  neck  of  the  column  was  therefore  the 
weakest  part.  The  horizontal  force,  therefore,  necessary  to  break 
down  a  couple  of  columns  was  2 '32  tons,  and  if  distributed  over  the 
length,  as  in  the  case  of  wind,  the  force  would  be  4 -64  tons. 

Takino-  the  area  exposed,  which  was  supported  by  one  couple,  at 
I  24  feet  by  20  feet,  equal  to  480  square  feet,  it  would  be  necessary  to 
have  a  pressure  of  only  21*  lbs.  per  square  foot  to  produce  the 

breaking  strain.  ,  ,  qwp 

The  columns,  whose  condition  agreed  most  exactly  with  the  a 
assumption,  were  at  the  top  of  the  building  (the  part  moreo 
most  exposed  to  the  wind),  for  there  they  were  72  feet  *£ntfi 
the  opposite  couple,  and  were  resisted  only  by  a  truss  of _ wrought^ 

«  iron,  which,  being  liable  to  buckle,  would,  he  submltt(^h*e  (<j 
I  power  to  resist  a  thrust:  consequently  the  eolumns  " 

bear  alone,  almost  the  whole  of  the  pressure  to  which >  that  s.de^  ^ 
building  might  be  exposed,  from  the  action  of  ^  &t 

true  however,  that  the  columns  in  that  position  bei  0 
the  base,  derived  as  much  strength  again  thrust. 

Undoubtedly  a  person  produced  in  walki  g, 
and  if  a  crowd  wa,  moving  all  I.  the 
the  sum  of  the  individual  pressures.  Supposing 
I  one  person  to  every  3  square  feet  of  an  area  of  each 

borne  by  2  columns-the  horizontal  pressure  to  b  .  y  or 

I  person,  to  produce  the  breaking  strain  on  the  e  two  in 

1 2-82  .U  would  b.  27  lb,.  Additional  suppo  ■ 

I  extent,  be  derived  from  the  continuation  of  the  col 
and  this  dead  pressure  could  not  be  exerted. _ _ . _ 

*  A  cast-iron  tube,  4  inches  in  diameter,  S-8ths  tUck^d  tbe 

supports,  on  an  average  of  three  expenmentsbokew  ^  have 

centre ;  had  it  been  supported  at  one  end,  and  weighted  at  the  o 


2-287 


similar  hollow  cylinders  of  the  same 


broken  with  — =  •  57  ton ;  and  as  *  .  ^eter 

length  have  a  transverse  strength,  varying  on  the  cu 
r  x  6  X  -57  _  ! .  16  ton,  the  breaking  weight  of  the  column. 

“  Ti 
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Danger,  therefore,  might  not,  perhaps,  be  apprehended  from 
simple  pressure :  but  when  these  pressures  were  accompanied  by 
motion,  and  that  of  an  intermittent  kind,  there  might  be  some  risk 
of  a  strain  being  produced  by  accumulation,  far  greater  in  amount, 
and,  being  sometimes  backwards  and  sometimes  forwards,  far  more 
destructive  in  its  effects,  than  simple  pressure.  It  had  been  observed 
with  truth,  that  it  was  not  dead  weight  which  broke  down  suspension 
bridges.  The  same  might  be  repeated  of  the  overthrow  of  chimneys. 
If  elasticity  of  material  gave  such  opportunity  for  the  accumulation 
of  pressure,  that  intensity  must  be  greatly  enhanced  by  any  play 
amongst  the  several  parts  of  the  structure. 

As  an  analogous  case  it  might  be  mentioned,  that  when  the  first 
part  of  the  centering  of  the  High  Level  Bridge  at  Newcastle  was  put 
up,  and  a  road  was  laid  down  for  bringing  stone  to  the  first 
foundation,  the  friction  of  the  trucks  upon  the  rails,  when  the  breaks 
were  put  on,  drew  the  uprights  at  that  time  erected,  perceptibly  out 
of  the  perpendicular  ;  this  showed  the  power  of  a  constantly  recurring 
force  of  small  intensity  ;  but  when  the  next  uprights  were  erected, 
the  stability  was  rendered  complete. 

From  these  considerations  Mr.  Robertson  submitted,  that  sup¬ 
posing  the  strength  to  be  sufficient  to  carry  weight  and  to  resist 
pressure,  it  was  absolutely  necessary  that  all  the  parts  should  be 
rigidly  united,  to  prevent  the  building  from  becoming  ricketty. 

If,  however,  the  parts  were  so  united,  then  no  provision  appeared 
to  be  made  for  expansion  ;  at  least  none  was  evident,  either  in  the 
drawings,  or  from  the  description.  In  short  lengths,  or  when  the 
variation  of  temperature  was  not  great,  the  elasticity  of  the  metal 
might  be  sufficient  to  take  up  the  expansion  ;  but  in  such  lengths  as 
existed  in  the  Great  Exhibition  Building  the  amount,  of  expansion 
must  be  very  considerable.  It  was  admitted,  that  there  might  be  a 
thickness  of  2  feet  of  snow  on  the  roof :  this  indicated  a  low  tempe¬ 
rature;  it  was,  therefore,  not  an  extravagant  estimate  to  take  75° 
as  the  variation  between  Summer  and  Winter.  According  to  the 
experiments  of  Professor  Daniel,  the  elongation  of  a  bar  of  cast- 
iron  due  to  753  was  *000446.  The  length  of  each  division  of  the 
building  was  about  850  feet,  and  its  expansion  due  to  this  variation 
w<mld  be  4£  inches.  If  the  two  ends  were  precisely  alike,  the  ex¬ 
pansion  would  of  course  commence  in  the  centre,  and  the  deflection 
the  last  column  from  the  perpendicular  would  be  2J  inches  ; 
ut  35  there  was  an  additional  resistance  produced  by  the  circular 
r°of  at  one  end,  this  division  could  not  be  exactly  equal. 

fhere  were  three  tiers  of  girders.  If  these  were  of  such  material 
at  they  would  expand  in  proportion  to  their  elevation  above  the 
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feet  of  the  columns,  the  straightness  of  those  columns  would  be  pre¬ 
served,  and  no  strain  would  be  brought  upon  them.  But  these 
girders  would  expand  alike ;  the  vertical  direction  and  parallelism  of 
the  upper  part  of  the  columns  would  consequently  be  preserved,  and 
the  whole  deflection  be  thrown  upon  the  lowest  length. 

The  sum  of  the  sections  of  the  top  and  bottom  flanges  of  each 
girder,  at  the  thinnest  part,  was  8*8  square  inches  and  8-8  X  3 
=  26-4  square  inches  for  the  three  tiers.  According  to  the 
experiments  of  Mr.  Ilodgkinson,  given  in  Mr.  Clark’s  work  on  the 
Britannia  Bridge,  the  compressibility  of  cast-iron  was  about  (tou 
that  of  wrought-iron,  and  therefore  one  ton  per  square  inch  would 
compress  it  through  of  its  length.  As  the  above  expan 

was  nearly  W^th,  the  pressure  exerted  must  be  nearly 
square  inch,  and  that  would  give,  for  the  total  pressure  produced  by 
the  expansion  of  the  girders  on  one  line  of  columns,  the  enormous 
pressure  of  66  tons  ;  and  supposing  action  and  reaction  to  b  q 
Tv,i«  nressure  would  be  exerted  upon  seventeen  columns. 

iTLtal Bridge,  ....  principles  of  ih.  e-rice*.  «f 
.  which  were  similar,  in  sonic  respects,  to  those  of  the  stnictm™  > 
Park,  every  provision  was  made  for  expansion,  y  # 

[  of  railing  beL.n  two  col.mn,  had  been  * 

the  expansion  of  the  longitudina  gin  er  a  >(l'  •  matter 

wider  at  the  top  than  at  the  bottom.  In  that  case  it  w 

of  no  consequence,  but  was  useful  as  servmg  to  demo^t« 

power  of  that  force  whose  effects  had  been  so  carefully  g 

aTmight  therefore  be  submitted  w 
P  tives  must  not  be  chosen,  taking  t  le  u  b  liable  to 

it  must  be  ricketty  from  looseness  in  the  joints, 

fracture  from  the  force  of  expansion.  with  the  moving 

It  was  stated,  that  several  operation  testing,  performed  in 

i  about  of  each  girder  were,  toget  ler  w  wj,ether,  in  test- 

I  the  short  space  of  four  minutes.  S  ny\  was  measured,  or 

ing  these  girders,  the  deflection  and  set  (  f  did  not 

whether  it  had  been  considered  sufficient  that  the  gi 
break  under  the  operation.  testec[  by  the  application 

The  roof-girders  appeared  to  ha\  rested.  The  area  of 

of  a  weight,  at  the  points  where  t  e  e.  24  feet)  =  576 

floor  supported  by  two  gallery  girders i  was  2 ^  f  Y  at  120lbs. 
square  feet ;  taking  the  possibk  ££  ^  by  these  two 

the  weight  was  distributed. 
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Mr.  Doull  would  confine  his  remarks,  principally  to  what  lie 
conceived  to  be  the  erroneous  mode  in  which  Mr.  Scott  Russell 


endeavoured  to  illustrate  the  subject. 

It  was  dangerous  to  make  a  semblance  of  reasoning  from  analogy, 
where  no  analogy  existed  ;  but  it  was  still  more  dangerous,  where 
the  analogy  only  held  good  in  a  few  unimportant  particulars.  This, 
he  submitted,  was  precisely  the  case  with  Mr.  Scott  Russell  s  illus¬ 
tration  of  the  principle  involved  in  the  construction  of  the  building 
for  the  Exhibition,  by  reference  to  a  four-legged  table. 

It  was  true,  that  a  cubical  portion  of  the  building  had  four  pillars, 
and  the  table  had  four  legs :  further,  that  a  cubical  portion  of  the 
building  had  four  girders  connecting  the  pillars,  and  the  table  had 
four  rails  connecting  the  legs  ;  also  that  the  table  had  a  top,  and  a 
cubical  portion  of  the  building  had  a  roof,  or  floor. 

These,  however,  were  mere  analogies  of  form  and  parts,  and  to 
pass  from  these  analogies  of  form  and  parts,  to  the  analogies  of 
strength  and  stability,  was  a  dangerous  delusion.  If,  for  example, 
a  ring  bolt  was  screwed  into  the  centre  of  the  top  of  the  table,  so  as 
to  suspend  it  at  some  distance  from  the  floor,  and  then  the  four  legs 
were  knocked  away,  there  could  be  no  doubt  of  the  rails  remaining 
firmly  attached  to  the  top  of  the  table.  If  a  similar  experiment 
could  be  tried  on  a  cubical  portion  of  the  building,  either  by  using 
the  floor  of  the  gallery,  or  a  portion  of  the  roof  corresponding  to 
the  table  top,  in  the  last  experiment  there  could  be  no  doubt, 
that  the  girders  would  fall  to  the  ground,  as  quickly  as  the  broken 
pillars.  If  the  table  was  supposed  to  be  divested  of  its  top,  and 
there  only  remained  the  four  legs  and  the  four  rails,  unless  the  rails 
were  very  deep  in  proportion  to  the  length  of  the  legs,  there  would 
be  only  a  very  ricketty  structure.  Now,  the  depth  of  the  girders  of 
the  building  did  not  bear  a  very  great  proportion  to  the  length  of 
the  columns,  and  it  was  evident,  that  the  top  of  the  table  was  a  far 


greater  source  of  strength,  stiffness,  and  stability,  than  the  roof,  or 
floor,  of  a  cubical  portion  of  the  building. 

If  one  of  the  legs  was  knocked  away  from  the  table  frame,  divested 
of  its  top,  the  ends  of  two  of  the  rails  would  be  liberated ;  yet  it 
was  probable  the  ends  might  retain  their  position,  without  s wagging, 
or  bending  downwards  to  any  great  extent,  unless  pressure  was 
used.  But  if  the  same  experiment  was  tried  with  a  cubical  portion 
of  the  building,  whether  with  the  24  feet,  the  48  feet,  or  the  72  feet 
girders,  thus  set  free  at  one  end,  there  was  no  great  probability  of 
the  girders  retaining  their  horizontal  positions  ;  indeed  he  submitted 
that,  on  the  contrary,  unless  there  was  great  lateral  pressure,  the 
birders  would  fall  to  the  ground. 
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The  rails  of  the  table  were  mortised,  glued,  and  pinned  into  the 
legs ;  the  girders  were  attached  to  the  columns,  by  simply  resting  on 
projecting  snugs,  and  were  confined  by  a  small  projection ;  there 
could,  therefore,  be  no  comparison  between  the  firm  mode  of  attach¬ 
ment  in  the  former  case  and  the  insufficient  plan  adopted  in  the 
latter  case. 

The  upper  projection,  or  snug,  would  have  brought  on  to  it  a 
tensile  strain,  which  was  the  worst  condition  for  cast-iron.  Admit¬ 
ting  that  the  upper  snug  would  resist  the  tensile  strain  thus  brought 
upon  it,  and  that  the  notch,  by  which  the  girder  was  supposed  to  be 
retained  in  its  position,  would  be  sufficient  for  that  purpose,  it  must 
be  particularly  observed,  that  those  projections,  or  snugs,  however 
strong  they  might  be  individually,  were  attached  to  very  thin  hollow 
columns  by  a  very  narrow  base,  and  that  the  almost,  if  not  quite, 
universal  practice  of  strengthening  projecting  snugs,  or  flanges 
which  had  to  carry  great  weight,  by  brackets  either  above,  or  below, 
had  been  altogether  neglected.  Looking,  then,  at  the  lower  pro¬ 
jection,  or  snug,  which  would  then  become  the  fulcrum  of  the 
leverage  of  the  girder,  and  considering  its  very  narrow  base,  and  its 
being  entirely  unsupported  by  brackets,  the  probability  was,  that  it 
would  be  forced  into  the  column,  or  be  broken  from  it. 

The  weakest  point  of  the  entire  structure  was  the  mode  of  attach¬ 
ing  the  girders  to  the  columns ;  and  it  must  be  recollected  that  this 
was  a  vital  point,  as  the  existence  of  the  building  depended  upon 
these  attachments,  in  the  same  manner  as  the  strength  of  a  chain, 
taken  as  a  whole,  depended  upon  the  strength  of  the  weakest  link, 
and  not  upon  the  strength  of  the  strongest  link. 

Mr.  Doull,  therefore,  considered  the  table  illustration  to  be  a 
complete  fallacy,  and  that  the  principle  involved  in  the  construction 
of  the  building  had  yet  to  be  more  satisfactorily  explained. 

Mr.  Turner  remarked,  that  Mr.  Scott  Russell  had  compared  the 
principle,  on  which  the  building  in  Hyde  Park  was  constructed,  to  a 
series  of  four-legged  tables,  and  had  asserted,  that  as  a  table  would 
stand,  if  one  of  the  legs  was  removed,  so  would  the  building  in  Hyde 
Park  stand,  if  one  of  the  columns  was  broken  by  accident;  and  he 
had  corroborated  this  assertion,  by  stating  that  this  had  actually 
occurred.  It  was  a  pity  that  Mr.  Russell  did  not,  at  the  same  time, 
tell  the  meeting  under  what  circumstances  that  column  was  broken, 
where  and  how  ;  also  what  position  it  occupied  in  the  building, 
whether  it  was  in  the  external  row  of  one  story,  in  the  second  row 
of  two  stories,  or  in  the  nave  of  three  stories.  But  in  whatever 
position  it  might  have  been,  Mr.  Turner  contended,  that  any  such  con¬ 
clusions  as  had  been  drawn,  from  a  supposed  similarity  of  construction, 
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when  the  building  was  unfinished  and  untenanted,  were  perfectly 
erroneous;  it  was  when  the  building  was  occupied  and  crowded 
with  visitors  that  the  great  liability  to  accident,  and  of  serious 
results  from  any  accident,  would  arise.  If  one  leg  of  a  four-legged 
table  was  removed,  the  table  might  certainly  stand,  so  long  as  no 
superincumbent  weight  was  laid  upon  it,  and  so,  perhaps  the  build¬ 
ing  in  Hyde  Park  might  stand,  under  the  same  circumstances,  when 
one  of  the  columns  was  removed.  When,  however,  a  slight  super¬ 
incumbent  weight  was  placed  upon  the  table,  with  one  leg  removed, 
the  table  would  undoubtedly  topple  over  and  fall ;  and  as  the  most 
likely  moment  for  a  column  to  fail  in  this  building  would  be  when 
there  was  a  superincumbent  weight  bearing  upon  it,  there  could  be 
no  question  that  the  same  result  would  be  produced  ;  that,  in  fact,  the 
building  would  come  down,  and  cause  a  most  disastrous  and  lament¬ 
able  accident. 

Mr.  Russell  also  attempted  to  show,  that  the  principle  on  which 
this  building  was  constructed,  differed  materially  from  that  of  rail¬ 
way  stations.  Now  he  contended  that  this  was  not  true,  for  thei  e 
were  cast-iron  spandril  arches  in  a  railway  station  occupying  the 
same  position,  and  performing  the  same  duty,  as  the  girders  did  in  this 
building;  and  it  was  notorious,  that  the  failure  of  one  column  in  a 
railway  station  caused,  in  some  cases  the  partial,  in  others  the  com¬ 
plete,  downfall  of  the  roof.  He  might  cite  numerous  instances  in 
support  of  this  position ;  but  it  would  be  sufficient  to  call  attention 
to  two  accidents  which  occurred  during  the  past  year,  one  at  the 
Euston  Square  station  and  the  other  at  the  Bricklayers  Arras 
station.  At  the  Euston  Square  station,  an  engine  got  off  the  line, 
and  knocked  down  a  column,  which  caused  the  downfall  of  a  large 
portion  of  the  roof ;  but  at  the  Bricklayers’  Arms  station,  the  failure 
of  only  one  column  occasioned  the  complete  destruction  of  the  shed. 

Ihe  remarks  which  had  been  made  by  several  scientific  gentlemen, 
who  had  theoretically  examined  the  question  of  the  strength,  or 
rather  the  want  of  strength,  of  this  building,  were  all  singularly  cor¬ 
roborative  of  the  opinions  which  Mr.  Turner  had  previously 
expressed,  deduced  from  his  own  practical  knowledge  of  the  details 
°f  such  constructions.  He  had,  therefore,  now  no  hesitation  in 
recording  his  solemn  protest  against  the  use  of  this  building,  until 
such  time  as  it  had  been  properly  and  efficiently  tested  as  a  whole, 
and  not  in  detached  portions,  or  until  the  building  had  been  braced 
and  strengthened  by  transverse  galleries,  and  in  such  other  manner 
as  to  remove  all  liability  to  accident,  which  now,  he  felt  convinced, 
"  °uld  occur.  He  did  not  mean  to  say,  that  it  was  not  practicable 
to  strengthen  the  structure  in  such  a  manner  as  to  render  it  safe  for 
the  public ;  but  it  must  be  done  at  such  a  serious  extra  cost  as 
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would  amount  to  a  positive  delusion,  as  far  as  the  original  estimate 
was  concerned. 

Mr.  Fox  said,  he  wished  it  to  be  understood  that,  so  far  as  he  had 
anything  to  do  with  the  building,  he  was  anxious  to  court  the  sugges¬ 
tions  of  everybody  ;  he  thought  it  was  due  to  the  Commissioners, 
and  to  the  public  generally,  that  every  part  of  it  should  be  thoroughly 
considered,  so  that  if  any  person  had  the  slightest  misgivings,  with 
reference  to  any  of  the  details  of  the  building,  they  should  have  an 
opportunity  of  stating  their  objections  ;  and,  as  the  responsibility  of 
maintaining  the  building  rested  upon  the  firm  of  which  he  was  a 
member,  if  any  one  wrould  point  out  a  feeble  part  he  should  feel 
much  indebted  to  them,  because,  to  say  nothing  of  the  disgrace 
which  its  failure  would  entail  upon  them,  the  expense  would  also  be 
a  considerable  item.  He,  therefore,  washed  it  to  be  understood,  that 
at  all  times  he  should  feel  the  greatest  pleasure  in  attending  to,  and 
endeavouring  to  meet,  any  objections  which  might  be  raised. 

With  respect  to  the  strictures  as  to  the  strength  of  the  snugs  of 
the  columns,  he  had  made  the  drawing  of  that  part  of  the  structure, 
and  the  form  and  substance  had  been  carefully  examined  and  ap¬ 
proved  of  by  Mr.  Cubitt.  He  considered  the  connexion  of  the 
girders  with  the  columns  to  be  one  of  the  most  important  points 
of  the  structure ;  it  required  to  be  so  designed  as  to  be  capable  of 
bearing,  at  the  same  time,  a  vertical  weight  and  a  transverse  strain, 
and  that  the  mode  of  attaching  the  girders  to  the  columns  should  in 
some  cases  be  rigid,  and  in  others  admit  of  a  certain  amount  of 
motion  to  allow  for  the  expansion  and  contraction,  and  he  con¬ 
scientiously  believed,  that  the  mode  proposed  was  the  best  that 
could  be  devised.  On  one  occasion,  during  the  progress  of  the 
building,  one  of  the  snugs  of  the  columns  was  broken  off,  and  the 
fracture  had  been  patched  up  with  putty,  without  the  fact  being 
reported  ;  the  w  ork  was  carried  on  in  ignorance  of  the  occurrence ; 
the  roof  was  put  on  ;  and  about  a  ton  and  a  half  of  scaffolding  was 
hung  to  the  girder ;  at  last  the  broken  snug  gave  way,  and  the  end 
of  the  girder  was  left  without  support,  with  one  end  sunk  down 
nearly  6  inches ;  yet  it  continued  to  bear  the  weight  of  the  scaffold¬ 
ing,  although  it  depended  for  its  support  entirely  on  the  strength  of 
the  snugs  in  the  other  column.  In  other  cases,  where  by  careless¬ 
ness  the  men  had  allowed  a  girder  to  slip,  it  had  been  broken  across 
the  middle,  but  in  no  instance  had  a  snug  been  damaged  by  an 
accident. 

Professor  Airy  appeared  to  consider  the  foundation  of  the 
columns  to  be  feeble  and  insufficient.  In  lifting  one  of  the  72-feet 
trusses,  the  men  let  it  slip,  just  when  one  end  only  was  on  the 
connecting  piece,  and  the  other  was  still  out,  so  that  an  enor- 
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mous  strain  came  on  two  columns,  with  the  girder  between  them. 
The  effect  of  this  accident  was,  that  instead  of  being  torn  asunder  at 
the  connecting  flanges,  they  both  remained  quite  perfect  at  that 
point,  but  were  broken  through  the  solid  metal  near  their  bases. 
He  thought  that  fact  proved  the  strength  of  the  connexion  of  the 
columns  with  each  other,  and  the  soundness  of  the  foundation. 

With  regard  to  the  thickness  of  the  glass,  he  believed  it  to  be 
sufficiently  strong,  because  during  the  last  twelve  years  his  firm 
had  constructed,  in  England  and  Scotland,  such  an  amount  of  iron 
roofing  as  required  nearly  40  acres  of  glass,  and  except  in  the  roof 
over  the  slip  at  Woolwich,  they  had  never  used  thicker  glass  than 
16  oz.  to  the  foot.  In  former  times,  owing  to  the  duty,  they  had 
used  glass  13  oz.  to  the  foot.  Three  roofs,  which  had  been  the 
most,  exposed  to  the  effects  of  wind,  were  those  of  the  first-class 
building-slips,  at  Pembroke  Dockyard,  which  were  glazed  with 
glass  of  13  oz.  to  the  foot.  The  panes  were  rather  wider  than 
those  used  in  the  building  in  Hyde  Park,  and  not  more  than  ten 
panes  had  been  broken  in  those  roofs  during  the  last  seven  years. 
An  important  element  in  the  strength  of  the  glass  was  their  narrow¬ 
ness;  they  would  bear  a  heavy  hailstorm  if  only  10  inches  wide,  but 
if  they  were  18  inches  in  width,  they  would  be  very  liable  to 
fracture;  it  was  important  also,  that  they  should  not  overlap  each 
other,  but  that  each  pane  should  be  quite  independent,  and  fill  up 
an  entire  space,  and  no  putty  should  be  used  except  in  the  fillets. 

It  had  been  suggested,  that  the  canvas  might  take  fire,  but  since 
that,  had  been  mentioned  Mr.  Fox  had  put  himself  in  communi¬ 
cation  with  the  agent  of  Sir  William  Burnett’s  system  of  satu¬ 
ration  with  metallic  salts,  to  ascertain  on  what  terms  a  permission 
could  be  obtained,  for  using  the  preparation,  which  it  was  under¬ 
stood  Mould  effectually  prevent  such  a  catastrophe. 

Since  the  greater  part  of  the  roof  had  been  covered  in,  and  the 
southern  side  had  been  glazed,  there  had  been  a  gale  of  wind  which 
!as  meas,,red  at  Greenwich,  and  was  found  to  have  amounted  to  a 
°rce  22  lbs*  per  superficial  foot,  which  was  within  3  lbs.  of  the 
E*  pressure  ever  known  in  London.  During  the  height  of 
for  ^ox’  accomPanied  by  an  assistant  and  one,  or  two 

comen,  went  on  the  lead -flat,  and  took  great  pains  to  ascertain  if 

-  Was  any  Perceptible  movement  of  the  building ;  but  beyond 
^  an  amount  of  vibration  as  would  be  felt  on  one  side  of  a  column, 
At  th'ln^  ^  a  °n  ^ie  °^er  s^^ej  there  was  no  sensible  motion, 
to  0f  Same  ^me>  ^e  workmen  who  had  been  at  work,  at  the  very 
more  building,  unanimously  declared,  that  they  had  never  felt 
Motion  there,  than  on  the  top  of  any  ordinary  house  in  London. 
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Mr.  Apsley  Pellatt  remarked,  that  however  suitable  and  ap¬ 
propriate  the  building  in  Hyde  Park  might  be  for  a  conservatory,  or 
a  winter  garden,  he  certainly  did  not  think  it -equally  so  for  an 
exhibition  of  the  varied  products  which  it  would  have  to  contain. 
In  his  opinion,  the  strong  general  light  in  this  building,  from  the 
roof  and  sides  consisting  entirely  of  glass,  would  be  found  to  be  ex¬ 
ceedingly  objectionable,  and  that  it  would  have  been  preferable  if 
at  least  three-fourths  of  the  roof  had  been  covered  with  slates,  and 
the  remaining  fourth  with  thicker  glass  than  that  used,  and  of  a 
different  description.  It  was  well  known  to  artists  that  a  redun¬ 
dancy  of  light  was,  in  many  cases,  quite  as  objectionable  as  too 
little,  and  that  different  aspects  produced  very  different  effects. 
Many  objects  of  an  artistic  nature  would  doubtless  be  exhibited, 
which  would  require  a  very  careful  and  skilful  management  of 
light,  if  they  were  to  be  displayed  to  the  best  advantage. 

°He  must  admit,  that  he  was  rather  sceptical  about  the  strength  of 
the  glass,  nor  did  he  think  that  the  canvas  covering  would  afford  the 
protection  which  was  anticipated.  When  glass  was  used  in  narrow 
lengths,  and  each  pane  was  well  supported,  there  was  really  more 
liability  to  fracture  than  when  larger  panes  were  used,  as  the  latter 
would  possess  a  certain  amount  of  elasticity  tending  to  resist  hail¬ 
storms.  It  was  no  argument  to  say,  that  because  at  Chatsworth  there 
had  been  no  accident,  there  was  no  liability  in  the  present  building ; 
for  Mr  Pellatt  knew  several  instances  at  Staines,  where  glass  of  an 
equal  thickness  and  quality  with  that  used  in  the  Crystal  Palace,  had 
been,  on  two,  or  three  different  occasions,  destroyed  by  storms. 

He  would  suggest,  that  as  glass  was  first  manufactured  m  the 
cylindrical  form  and  afterwards  flattened,  it  would  be  better,  where 
ureat  strength  was  an  object,  to  adopt  a  system  of  cylindrical 
glazing,  as  in  the  process  of  flattening,  the  inner  side  of  thecylinder 
was  extended,  and  the  outer  side  compressed,  which  had  the  effec 
of  materially  weakening  the  glass.  He  exhibited  a  frame  glaze 
on  this  system,  and  gave  the  particulars  of  some  experiments  which 
had  been  made,  and  from  which  it  appeared  that  the  semi-cy  in¬ 
dited  panes  sustained  a  smart  blow  with  a  hammer  without  fracture. 

Mr.  M.  Digby  Wyatt  said,  that  the  previous  speakers  had  almost 
exhausted  the  subject,  but  before  the  discussion  closed  he  wished  to 
notice  a  few  points,  to  which  attention  had  been  directed. 

The  resistance  of  the  foundations  of  the  more  important  columns 
had  been  proved,  by  a  pressure  equal  to  SO  tons  on  each,  and  the 
stiffness  and  general  stability  of  the  edifice  had  been  severely  tested, 
Sf  only  by  heavy  gales,  but  by  the  orocess  of  hoisting  the  transept 
ribs,  during  which  no  vibration  was  perceptible. 
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The  anticipated  amount  of  expansion  and  contraction  was  pro¬ 
vided  for  in  the  longitudinal  direction  of  the  building,  by  using 
wooden  keys,  for  fastening  the  girders  into  the  snugs,  whilst  trans¬ 
versely,  where  great  rigidity  was  essential  for  resisting  pressure 
against  the  extended  surface,  and  no  injurious  effect  of  expansion 
or  contraction  was  anticipated,  iron  keys,  driven  quite  home,  were 
invariably  employed. 

As  to  the  great  amount  of  light  in  the  building,  he  submitted 
that  the  objects  exhibited  would  generally  demand  as  full  light  as 
possible,  and  not,  like  pictures,  to  have  that  light  thrown  on  them 
in  certain  directions  ;  but  even  should  that  be  the  case,  it  was  com¬ 
petent  for  each  exhibitor  to  make  arrangements  for  moderating  the 
light  for  his  own  particular  purposes. 

Mr.  C.  H.  Gregory  begged  to  direct  the  attention  of  the  mem¬ 
bers  to  an  article  written  by  Mr.  W.  B.  Adams,  in  the  66  Westmin¬ 
ster  and  Foreign  Quarterly  Review,”  for  April,  1850,  in  which, 
after  examining  the  objects  of  the  Industrial  Exhibition,  and  the 
kinds  of  building  desirable  for  it,  it  was  suggested,  that  the  struc¬ 
ture  should  be  like  “  a  great  metropolitan  conservatory,  the  mate¬ 
rials  of  which  should  be  chiefly  iron  and  glass,”  many  of  the  details 
of  which  were  given ;  and  further,  that  the  building  should  be 
permanent,  and  be  used  for  the  purposes  of  “  a  conservatory  and 
winter  garden  ”  when  not  required  for  industrial  exhibitions. 

This  he  believed  to  have  been  the  first  public  suggestion  for  a 
structure  of  the  kind  now  selected,  as  Mr.  Paxton’s  proposition  was 
only  brought  forward  in  the  month  of  July,  1850. 

The  President  remarked,  that  he  had  been  nominated  one  of 
the  Royal  Commissioners  for  the  Exhibition  of  the  Works  of 
Industry  of  all  Nations  in  1851,  as  President  of  the  Institution  of 
Civil  Engineers,  and  not  in  his  private  capacity,  or  from  any  per¬ 
sonal  merits ;  it  was,  therefore,  on  that  ground  that  he  was  under¬ 
stood  to  represent  the  Institution  in  the  Commission, 

He  should  be  happy,  at  all  times,  to  afford  any  information,  or  facili¬ 
ties  to  the  members  of  the  Institution,  which  his  position  as  a  Royal 
Commissioner,  and  as  Chairman  of  the  Building  Committee,  enabled 
him  to  do ;  but  it  was,  obviously,  not  fitting  for  him  to  enter  into 
the  discussion  of  the  particular  merits,  or  demerits  of  the  building, 
"hich  had  been  so  well  described  by  Mr.  Digby  Wyatt,  and  had 
elicited  so  animated  a  discussion.  He  trusted,  however,  that  those 
gentlemen,  who  thought  the  present  structure  insufficient,  might  be 
deceived,  and  that  the  result  would  prove,  that  every  precaution  had 
een  successfully  adopted,  for  insuring  the  safety  and  efficiency  of m 
the  structure. 
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